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It is typical of the age in which we live that reviews of current research 
work are becoming more and more a necessary part of life. In some instances 
it is also necessary to go a step further and provide “ reviews ” of reviews. 


The store of knowledge is expanding at such a rate, and vast collections 
of factual matter are being added daily, so that it is almost impossible for any 
worker to keep pace with the work which is under way even in his own limited 
field. Whether mankind is accumulating wisdom in due proportion to this 
spate is open to question. Be that as it may, good reviews and journals devoted 
to them become more and more valuable, and especially so if we are to sift the 
wheat from the chaff. 


They are about the only chance nowadays for the man who does not 
desire just “to stand and stare” but rather would gain some grasp of work in 
progress and view the picture as a whole. 


In the scientific field there are many collections of such reviews available, 
and we would draw our readers’ attention to some which are of great interest 
to the veterinary surgeon, be he a research worker or a practitioner in the field. 


Nutrition Abstracts and Reviews (Commonwealth Bureau of Animal 
Nutrition), which appears quarterly, should be seen regularly by all members 
of the veterinary profession. Quite apart from its wealth of abstracts, the 
journal continues to produce useful reviews of the nutritional requirements of 
animals and of man. Among the reviews published in the last few volumes 
may be mentioned “ The nutritional requirements of the dog” (1944), “ The 
water economy of farm animals ” (1944), “ The vitamin requirements of swine ” 
(1946), “ The role of the micro-flora of the alimentary tract of herbivora, with 
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special reference to ruminants ” (1947), “‘ The nutritive value of silage and dried 
grass” (1948), “ The mineral requirements and metabolism of poultry ” (1949) 
and “ The vitamin requirements of poultry” (1950). Such articles should be 
of interest to all members of the veterinary profession. 


Except for Section 5 of the abstracts, which deals with human nutrition, 
all of the journal may be said to concern those who are interested in animal 
health. Looking back on the volumes of the past few years, one cannot help 
but be impressed by the scant attention which has been paid to animals, other 
than horses, cattle, sheep and pigs, and, in the case of smaller species, those 
other than the rat. This is not the fault of the journal but is merely an indication 
of large fields of nutritional study which should not be left unattended by research 
workers much longer. 


Herbage Abstracts (Commonwealth Bureau of Pastures and Field Crops) 
provides abstracts of all the recent important work dealing with grass and fodder 
production, utilisation and management. Although it is produced primarily 
for the agricultural specialist in grassland husbandry and related subjects, there 
are many abstracts of interest to veterinary surgeons. The sections headed 
“Land utilisation and management,” “ Chemical composition, nutritive value 
and mineral deficiency” and “ Pastures and animal health,” to name only 
three, are of obvious value. In the third number of Vol. 19 (1949), for example, 
the last-named section gives abstracts of two interesting papers dealing with the 
possible causes of bloat. This journal also appears quarterly. 


SUBCLINICAL KETOSIS 


GENERAL ARTICLES 


OBSERVATIONS ON THE INCIDENCE OF SUBCLINICAL 
KETOSIS IN A DAIRY HERD 
By J. R. HOLMES, Ph.D., B.V.Sc., M.R.C.V.S. 


Veterinary Field Station, University of Liverpool 


Durinc the course of an investigation of samples of milk and urine from 
normal animals in December, 1947, a large number of cattle in an attested 
Ayrshire herd were found to be excreting appreciable quantities of acetone in 
the urine and milk, although none of them showed symptoms of clinical ketosis. 
It was decided, therefore, to investigate this condition and to attempt to deter- 
mine the predisposing factor or factors. The observations cover two periods 
which will first be considered separately and then compared. They were :— 


(1) January to June,. 1948. 
(2) October to February, 1949-50. 


Method. 


It was aimed, as far as possible, to collect milk samples from all cows in 
the herd at least once weekly. All samples were collected at the evening milking 
and generally from the bulked milk of each cow, although samples were some- 
times taken direct from the cow by hand, and in that case no particular quarter 
or quarters were selected. 


The milk was tested for acetone by the semiquantitative modification of 
Rothera’s test described by Paterson (1945). When a number of samples were 
examined together, colour differences could be more easily detected, and the 
grades of response were subdivided into 0, 0+, 5, 5+, 10, 10+, 15, 
15+, 20 and 20+ mg. per cent. acetone. When samples gave a very markedly 
positive reaction (20 mg. per cent and over) the milk was usually diluted with 
acetone negative milk in order to determine more exactly the concentration of 
ketone bodies present. 


In the first period the test was usually carried out in the cowshed, whilst 
in the second milk was generally collected in rubber-stoppered bottles. These 
' were left in the refrigerator overnight and examined the following morning. 


Urine samples were collected at random and irregularly throughout both 
periods. Urine was obtained by perineal stimulation, and as far as possible an 
endeavour was made to obtain at least one sample from every cow during the 
experiment. The urine from some cows was obtained many times. Only the 
acetone values are discussed in this paper. 


The modification of Rothera’s test as described for milk was used in testing 
urine for ketones. Unlike the milk examination, however, Rothera’s test on 
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urine cannot be made semiquantitative according to the colour response. In 
order to get an approximate estimate of the concentration of ketone bodies 
present, urines giving a positive reaction were diluted with tap water until they 
failed to give a reaction to the test. Samples which quickly went dark purple 
when examined undiluted usually could be diluted much higher than those 
which developed a positive reaction slowly. A purple colour imparted to the 
froth on top of the mixture usually indicated a markedly positive sample. 
Negative samples were not uncommonly dark red-brown in colour. Doubtful 
tubes were examined by pouring the contents on to the white floor of the sink, 
when the colour difference could easily be recognised. 


The following data were available for each cow: dates of previous parturi- 
tions; number of calvings; length of dry periods and total yields of each lacta- 
tion; and records were kept of milk yields, mating dates and feeding and 
management during the experimental periods. 


In general, lactating animals only were kept in this cowshed; the dry cows 
being at a different farm, and thus only a few urine samples were obtained from 
pregnant non-lactating cows. 


Period 1: January to June, 1948 


A brief review of the relevant literature is necessary at this point. Eden 
and Green (1940) described seasonal ketonemia without symptoms, in a dairy 
herd. They found a definite rise in serum ketones in 70 per cent of the herd 
when kept in stalls in winter. This ketonemia was not associated with hypo- 
glycemia or acidosis. Correlation of blood ketones with the period of lactation 
or quantity of concentrates allowed for milk production was not close, but was 
“ sufficient to suggest that high yielding cows were more susceptible, although 
individuality played the greater role.” 


Sampson and Boley (1945), in America, found the mean concentration 
of ketone bodies in the blood of lactating cows to be significantly greater during 
June and July compared with November and January. These writers agree 
that the observations are contrary to the results of other workers. They state 
that it may be of significance that corn silage was fed throughout their experi- 
ment. Knodt, Shaw and White (1942a) observed an increase in blood and 
urinary acetone bodies when animals were fed on aged grass silage. 


Bullard (1939), after carrying out regular urine tests on a herd, found no 
correlation between the different rations fed and the occurrence of acetonzmia. 


Dye and McCandless (1948) state that “ frequently a low-grade ketosis may 
exist without symptoms. Ketonuria develops when the production of ketone 
bodies by the liver exceeds the capacity of the extrahepatic tissues to utilise them 
for energy purposes. Ketonuria occurs only when the concentration in the blood 
exceeds the renal threshold. This threshold is low.” 


Boddie (1933) found that a fairly high percentage of pregnant or lactating 
cows in early spring produced acetone in the urine. 


wis 
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Duncan, Huffman and Tobbin (1939) noted that normal blood contained 
up to 5-6 mg. per cent ketones (expressed as acetone), and they stated that the 
urine may reach a maximum 15-20 mg. per cent without the development of 
symptoms. 

Knodt, Shaw and White (1942b) observed that blood and urinary ketones 
in 10 cows at various stages of pregnancy were quite irregular. Prior to and 
following the complete cessation of milking, five cows showed no significant 
change in ketones. They noted a marked upward trend in total urinary acetone 
bodies for a period of about go days after parturition. 

Paterson (1945) found that the level of total ketones in milk was usually 
about half that of the corresponding blood serum. 


The herd during this period. 

A total of 40 cows was examined during this period. Sixteen animals 
remained in the herd throughout and were regularly tested. The remainder 
included animals which were transferred elsewhere on becoming dry, and those 
which joined the herd on calving during the period. Of the 40 cows tested, 
the cow which had been lactating longest had calved on 10.2.47, and the last 
one to calve during the experiment did so on 11.5.48. Eleven were in their 
first lactation, ten in the second, six in the third, six in the fourth, five in the 
fifth, one in the sixth, and the remaining one in the seventh lactation. Twenty- 
eight of the cows calved during the period of the experiment or within the 
preceding two months (November and December), and eight cows were dried off 
during the period. 

Milk samples. 

A total of 21 herd examinations was carried out involving the testing of 

611 milk samples. 


Urine samples. 
One hundred and ninety-four samples were collected from these animals 
during lactation and nine from seven cows prior to parturition. 


Feeding and management. 

The following information was all that was available on enquiry from the 
farm bailiff :— 

6.1.48. Cows going out daily for about three hours. Receiving mangolds 
in the field (one cartload for 34 cows daily). 

Approximate daily ration : 34 lb. silage; 30 lb. hay; concentrates according 
to yield. 

17.1.48. A quantity of salvaged sunflower cake was purchased. This was 
suddenly introduced, being fed with the concentrates at the evening milking. 
Most of the cows refused to eat the cake. On the morning of 78.1.48 they 
were given the usual concentrate mixture, which was placed in the trough with 
that left from the previous evening. The cows tended to leave the sunflower 
cake, which was not given again after 17.1.48. 

3.2.48. Dried sunflower cake being added to concentrates. Eaten normally. 

23.2.48. Linseed meal being fed in addition in concentrates. 
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For the week beginning 1.3.48 the cows were brought back into the shippon 
before 12 noon each day. 

20.3.48. Linseed feeding stopped. 

16.4.48. Stopped feeding silage and mangolds. 

18.4.48. Cows out all day at pasture. 


19.4.48. Turned out at night for first time. Getting a little hay each 
morning and about 2 Ib. of mixed cake (including some sunflower cake) twice 
daily. 

1.5.48. Stopped feeding hay. 


TABLE I 
Distribution of Rothera Responses on Milk Samples, 1948 
No. of Mg. % acetone 

—  —_— ¢ + Ss SS bw ee S ie See 

6.1.48 24 17 I 3 I 2 
12,1.48 25 II 4 2 3 I I 3 
19.1.48 29 4 4 3 I 6 2 3 3 2 I 
23.1.48 29 13 8 3 I I I I 
26.1.48 28 10 610 3 I 2 I I 

1.2.48 29 19 5 A I 

4.2.48 eae ee ee 

9.2.48 3a 10 9 6 2 2 
16.2.48 28 8 10 4 3 I 2 
19.2.48 26 2 12 6 I 4 I 
23.2.48 26 12 8 4 2 

1.3.48 28 12 9 5 I I 

8.3.48 29 19 6 2 I I 
15.3.48 29 22 6 I 
17.4.48 31 25 2 2 I I 
22.4.48 3I 27 4 
30.4.48 3I 29 2 


19.5.48 32 32 
28.5.48 32 32 

7.6.48 3I 28 3 
22.6.48 33 29 3 I 


FEEDING AND MANAGEMENT 
Mangolds, silage, hay. Concentrates—according to yield. 


17.1.48 p.m. Wet and mouldy sunflower cake suddenly introduced into the feed in high 
Proportion. Cows refused to eat. 


3.2.48. Dried sunflower cake added to concentrates. Being dried, eaten normally. 
23.2.48. Linseed meal fed in addition to concentrates, 

20.3.48. Linseed feeding stopped. 

Stopped feeding silage and mangolds. 

19.448. Out day and night. 
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TABLE II 
A Review of the Data in Table I in relation to the Months of the, Experiment 


; No. of Av. mgm. Av. mg. % 
No. of No. of samples % % in 0h 
Month samples cows —ve —ve acetone samples 
January 135 29 82 60.8 4.1 10.5 
February 169 30 119 70.4 1.9 6.4 
March 86 31 74 86.5 0.9 6.7 
April 93 31 89 95-7 0.3 6.3 
May 64 33 64 100.0 0.0 0.0 
June a 64 32 63 98.4 0.1 5.0T 
Plus-signs are ingnored for this calculation. 
+ One sample only was +ve, 5 mg. % 
TABLE III 
Results of Rothera’s Test on Urine. Dry, Pregnant Cows 
Date of test End pt. diln. Date of parturition Calf 
23.1.48 1/20 
24.2.48 1/8 } 18-348 4 
48... bie 1/4 30.1.48 3 
27.2.48 ... dis ) 6.3.48 5 
3.39.48 ... ‘i fe) 7.3.48 5 
24.1.48 ... om 1/10 29.1.48 2 
23.2.48 ty) 
25.2.48 ia 26.2.48 4 
24.2.48 1/2 5.4.48 3 
TABLE IV 


A Review of the Data in relation to the Months of the Experiment. 
Urine Samples—Lactating Animals 


No. of samples Av. end pt. No. of samples 

Month tested diln. —ve 4 _—ve 
January 25 42.0 5 20.0 — 
February ... 53 21.0 20 38.0 
March 65 17.0 25 38.0 
April 22 18.0 6 27.0 
May 21 4-7 12 57.0 
June 8 0.5 7 87.5 

Summary of the Results Obtained 

(i) Milk 


The highest number of positive samples was found during the first part of 
the period, particularly in January and February when the animals were housed 
and fed on winter rations. Relatively few samples were positive in the latter 


half—April to June. 
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The excretion of acetone was irregular in the milk of all the cows, in that 
at one test one particular animal might be markedly positive, and negative at 
the following test. Rarely, however, did one get a negative urine and a positive 
milk, although positive urines in the absence of acetone in the milk were not 
uncommon. 


The majority of cows which calved in November, December and January 
showed marked acetone levels in the milk during the early part of the period, 
but in general those calving in April and later produced no significant amounts 
of acetone. Those drying off in the January, February and March period 
showed, in a number of cases, evidence of acetone excretion even when they 
had been previously negative. Cows at the height of, or just past the peak of lac- 
tation, gave acetone-positive reactions during January and February, becoming 
negative in March. As regards parity, it would appear that first-calf heifers 
are less likely to excrete acetone in the milk than are cows which have had 
several calves. All heifers calving in February and later were negative. The 
duration of the previous dry period and the total yield in the last lactation 
appeared to bear no relationship to the tendency to excrete acetone. Many of 
these cows were high yielders, giving over 8,000 Ib. per lactation (average 
previous yield of 29 cows studied, 7,773 Ib.) and had had long dry periods 
between calvings—in fact, some were dry as long as 28 weeks (average dry 
period of the 29 cows, 14 weeks). 


(Estrus appeared to have no effect on the incidence of the condition. 


In considering incidence in relation to yield it was noted that some poor 
yielders were occasionally markedly positive whilst some very high yielders were 
consistently negative. On the whole, most positive samples were obtained from 
cows in the January-February period within two months after parturition and 
which were high or medium yielders, but there were numerous exceptions. 


An interesting observation was made during January. The herd was 
tested on 12.1.48 and 10 out of 25 cows produced acetone in the milk. On 
17.1.48 at the evening milking a quantity of salvaged sunflower cake which 
was wet and mouldy was fed instead of the usual ration. Most of the cows 
refused to eat it, and it was not offered again. Milk samples were examined 
on 19.1.48 and, of 29 cows, 21 gave a positive result (73 per cent). On 
23.1.48 only eight of them were positive. The writer suggests that this pheno- 
menon was due to a failure to eat rather than to a direct effect of the sunflower 
cake, and that the food intake and milk output balance in these high-yielding 
cows was very fine, and any failure to ingest the usual ration of concentrated food 


resulted in the breakdown of fat for energy purposes and the consequent | 


excretion of ketones in the milk and urine. A fall in milk yield was not observed, 
but it is probable that if these animals had continued to refuse concentrated 
food this would very soon have occurred. The milk yield fall might then, for 
a time at any rate, have lowered ketone excretion by tending to restore the 
intake-output balance. 


XUM 
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Following feeding of linseed meal in March the number of positive samples 
decreased, but no conclusions should be drawn that the linseed itself was 
responsible as the new growth of spring grass was possibly also concerned. 


It was impossible to assess the effect, if any, of silage. The composition 
of this feeding-stuff is most variable and in any case it was fed throughout the 
period when the animals were indoors. 


/The redeeming factor appeared to be spring grass, for from the end of 
April (with one exception in June, when a recently calved cow gave one milk 
sample containing 5 mg. per cent acetone) all samples were negative. 


(ii) Urine 
The few samples taken from dry pregnant animals approaching term did 


not indicate that pregnancy in the bovine is characterised by ketonzmia or even 
appreciable ketonuria. 


The percentage of acetone-negative samples increased from January to 
June. The average highest dilution at which samples would give a positive 
reaction to Rothera’s test was greatest in January and lowest in June. The 
end point dilutions in which urine samples were positive were quite irregular. 
The highest dilution obtained (apart from Cow No. 60, which showed clinical 
symptoms) was 1/160 from a high-yielding cow within the first month after 
calving in March. 


In general the highest positives were obtained from cows in the January- 
February period which had calved from o to 2 months and were high or medium 
yielders. A few cases still showed acetone in the urine in May and June, but 
the majority of samples at this time were negative. 


Of the animals observed, only one (Cow No. 60) showed any symptoms of 
clinical ketosis. They comprised partial anorexia and a slight fall in milk 
yield. The breath smelled of acetone. Recovery was spontaneous. 


Period II: October, 1949, to February, 1950 


As observations during the previous period had indicated a high incidence 
of subclinical ketosis in this herd, and as the exact causal factor or factors had 
not been determined, it was decided to make further investigations during the 
winter and early spring of 1949-50. 


The possible role which minerals, particularly trace elements, might play 
in the development of subclinical ketosis in cattle kept in stalls was examined. 


The writer does not suggest that this herd was showing evidence of mineral 
deficiency, but high-yielding cows must have considerable mineral requirements. 


For this experiment the herd was divided into three groups (A, B and C), 
each of which received different mineral mixtures. A fourth group (D) evolved 
—it comprised cows not included in the three specified groups, which were 
(1) receiving no concentrated food because of low yield or because they were 
drying off, and (2) which calved during the experiment, and were not fed 
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any mineral mixture. This group could, in some respects, be regarded as a 
control. Samples were obtained from this group at the same time as from 
the other groups. 


Mineral mixtures fed 


These were prepared by British Glues & Chemicals, and were variations 
of their standard mineral ration No. 105 for cows. 


The mixtures fed in this experiment were :— 
Group A—mineral 105 without copper or cobalt. 
Group B—mineral 105 without copper. 
Group C—mineral 105 without cobalt. 


The herd during this period 


In dividing the herd into three, regard was paid to parity, date of last 
parturition, and previous predisposition to subclinical ketosis, regarding which 
data were available from the experiments of 1948. 


Group A comprised ten animals, of which eight received the mineral 
mixture and were studied throughout the period of the experiment. Of these 
animals three were in their first lactation, five in the second, one in the third 
and one in the sixth. The longest lactating cow had calved on 25.5.49, and 
one cow in this group calved during the experiment—on 26.11.49. One cow 
was dried off during the experiment. Three of these animals had previously 
been studied, in the experiment of 1948. 


Group B contained nine animals, of which six received the mineral 
throughout the whole period. Five were in their first lactation, one in the 
fourth, two in the fifth and one in the sixth. The longest lactating cow had 
calved on 4.12.48, and no cows in this group calved during the experiment. 
Three cows were dried off during the period. Three of these animals had 
been tested during 1948. 


Group C also comprised nine animals, and three of them received minerals 
throughout the experiment. Three of these animals were in their first lactation, 
one in the second, one in the third and three in the fifth. The longest lactating 
cow had calved on 18.3.48. Three cows in this group calved during this period. 
Two were dried off, and one animal died. Three of these cows had previously 
“ been observed during the 1948 experiment. 


Group D received no minerals. The numbers were variable. It included 
seven cows which were dried off during the experimental period and were fed 
no concentrate ration, and eight recently-calved heifers and one cow which 
were added to the herd. 


Milk samples 


A total of 19 herd examinations was carried out involving the testing of 
about 594 samples, comprising 170 samples from Group A, 143 from Group B, 
139 from Group C, and 142 from cows not receiving minerals. 
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Urine samples 
Sixty-five samples were collected at various intervals from the herd. 


Feeding and management 

These details were obtained from the farm bailiff :— 

3-10.49. Cows out at pasture day and night. Fed sugar beet pulp, and 
concentrates according to yield. ; 

28.10.49. Cows kept inside at night. Going out to pasture every day. 
Brought in about 3.30 p.m. 

7-11.49. Started to feed silage. Cows receiving very little hay (at night 
only), sugar beet pulp and concentrates (comprising dairy nuts, biscuit meal, 
oat feed, dried grass and sunflower cake) according to yield. 

8.12.49. Cows brought inside from pasture usually about 12 noon. 

17.1.50. On fine days cows going out 8 a.m. to 2 p.m. On cold, wet 
days they are out from 8 a.m. to 11 a.m. Feeding unchanged. 


Mineral feeding : 

Mineral feeding was usually commenced soon after parturition, when the 
animals were brought into the milking herd. Pregnant dry cows were kept at 
a farm some distance away, and it was not possible to feed minerals to them 
before parturition. 

The minerals were introduced with the evening feed of 28.9.49, when each 
cow was given approximately 2 oz. The recommended quantity was 4 oz., but 
it is well known that some cows find these minerals unpalatable at first and 
increase must be made slowly. At the end of the first week most cows were 
taking their full allowance. The minerals were fed once daily, mixed with 
the concentrates at the evening milking. 


Summary of the Results 


During the period under review only a few animals produced appreciable 
amounts of acetone in the milk or urine. 
(i) Milk. 

Of the cows in Group A, only two, during October, showed marked 
quantities of acetone in the milk. These were the only September calvers in this 
group, one in its first lactation and the other in its second. 

Of the animals in Group B, two (out of three) heifers which calved in 
September produced samples containing up to 5 mg. per cent in October and 
one cow gave 5 mg. per cent in December. This cow had calved the previous 
April. 

: In Group C the only multiparous cow which calved during the period of 
the experiment (in December) produced up to 10 mg. per cent in December. 
One heifer which calved in January gave 5 mg. per cent during the first week 
of lactation, but thereafter was negative. Another heifer which calved in 
August produced samples containing 5 mg. per cent in October and January, 
but all other animals excreted negligible amounts of acetone in the milk. 
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Of the animals receiving no minerals, one, a multiparous cow, developed 
clinical ketosis very soon after parturition. She responded quickly to treatment 
with glucose. The remainder were mainly negative, and all the heifers which 
calved in this period gave negative results, with one exception. This animal 
calved in October and gave 10 mg. per cent acetone in the milk immediately 
after parturition, but soon became negative. 


TABLE II. 


Analysis of Results of Rothera Test on Milk in Relation to the Months 
of the Experiment. 


Number | Number of | Number of Av. Mg. % in* 


Month. of cows. samples. | neg. samples. % Negative. + ve samples. 


AEB Ci A.B oC Ae Be A B Cc A B C 


Oct. .. 99 71) 45 45 40 37 41 «(39 82.2 91.1 97.5 | 5(8) 5(4) 5(1) 
Nov. .. 8 7 6] 25 25 19 24 25 #19 | 90 10 10 | 511) 0 O 

Dec. ... 9 77] 18 14 += «16 18 13 14 | 100 93.0 87.5 | 0 5(1)10(2)+ 
Jan. .. 977) 45 35 36 45 35 34 | 100 100 944) 0 OQ 5(2) 


as... S6ETi SBA Ba 37 24 2% | 100 100 930} O 0 5(2) 


* The figures in brackets refer to the number of positive samples. 
+ Practically the only multiparous cow calving during this period (Cow No. 61). 


TABLE III. 
Analysis of Results of Rothera Test on Urine in Relation to the Months 
of the Experiment. 


GROUP A GROUP B GROUP C 

Av. Av. Av. 
Month. fm fis ein bounce Pes a. bared eae ete 
a: ne — — 5 2 7.5 4 oa —_— 
Nov 3 _ — 9 1 20 5 -_ — 
eS .4 4 32.5 2 I 10 2 2 95* 
Feb. 7 — — 5 2 60 6 -_-_ — 

* One cow (No. 91) +ve to 1/160. 
(ii) Urine. ‘ 


Urines paralleled the milk samples in being negative, or positive only to 
relatively low dilutions. 

From these results it is difficult to interpret the value, if any, of mineral 
feeding and the influence which it might have on the development of sub- 
clinical ketosis. Whilst none of the mixtures used prevented the appearance 
of acetone in the milk and urine, the minerals were not fed before calving and 
most of the positive samples were obtained from cows within a few weeks of 
parturition. The low incidence increases the difficulty of determining the 
effectiveness of the mineral supplements or the value of any particular mixture. 
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Comparison of the Results from the Two Periods, 1948 and 1949-50 


These two periods showed marked differences in the response obtained on 
applying Rothera’s test to the milk and urine. They are not exactly comparable, 
in that one was from January to June and the other from October to February, 
but they both include that period when the cow is regarded as being most 
liable to develop clinical ketosis. The most striking difference is the relatively 
high incidence of subclinical ketosis in the first period and the very low incidence 
in the second. It is interesting to speculate as to what factor or factors con- 
tributed to this variation. In both cases the winters were mild, with very little 
snow, and the cows were going out for a short time each day. The composition 
of the herd appears to be the most variable factor between the two periods. In 
1949-50 most of the adult cows due to calve in the winter and early spring 
were being disposed of and replaced by home-reared heifers. 


Practically all the newly-calved animals introduced during the second 
experiment were heifers, and of the adult cows included in the investigation, 
most of them had calved during the previous spring and summer, and were, 
therefore, as shown by the first experiment, less likely to produce acetone in the 
milk and urine. (From November 1, 1947, to March 31, 1948, five newly- 
calved heifers joined the herd, whilst from September 1, 1949, to February, 
28, 1950, a total of twelve heifers was introduced.) This fact, the writer 
considers, is the fundamental explanation for the low incidence observed during 
the period of mineral feeding, and any value which the minerals may have had 
is difficult to assess. 


Definite conclusions cannot be drawn as to the exact factor or factors 
contributing to the high incidence of subclinical ketosis in this herd in 1948. 
Numerous variables were studied, but the results obtained were further obscured 
by the observations made in the second experiment, which, as the writer has 
suggested, were probably influenced by farm practices outside his control. 
Caution must, therefore, be exercised in interpreting the results, but a few 
observations may be made :— 


1. The cow may excrete appreciable quantities of ketones in the milk 
and urine without any symptoms of metabolic disturbance being manifested. 


2. Generally, whenever milk contains acetone this is also present in the 
urine, but the converse is not true. 


3. Diminished food intake, from whatever cause, appears liable in high 
producing cows in winter to result in the excretion of ketones in the milk and 
urine. It is suggested that prolonged anorexia or fasting would probably be 
followed by a fall in milk yield which might, at least temporarily, counteract 
this effect. Hence cows should be fed on palatable foods, and all changes in 
feeding be introduced gradually. 


4. Multiparous cows calving in the winter period (October to February) 
appear more liable to develop subclinical ketosis than heifers, although the con- 
dition does also occur in first calvers. The condition appears most likely to: 
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arise during the period of maximum “ metabolic stress °—immediately following 
parturition and whilst the milk yield is high. 

5. Pasture grass in spring appears to be very beneficial in reducing the 
incidence. 
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EXPERIMENTS ON BRACKEN POISONING* 


By L. EDWARD PERKINS, M.R.CV5S., 
Ministry of Agriculture 


ALTHOUGH bracken (Pteris Aquilina) has frequently been held responsible 
for outbreaks of disease in cattle in this country, it was not until 1917 that 
Stockman reproduced the lesions in an experimental animal. He had previously 
in 1909 and 1910 fed bracken to bovines with negative results, but it is now 
known that the quantity was insufficient. Hardwen in 1917, feeding bracken 
hay to horses, produced fatal results in all four animals submitted to experiment, 
but his post-mortem findings were not consistent with those observed in cattle 
in this country. Later, in 1922, Stockman again reproduced lesions in two 
calves after feeding a total quantity in one case of 156 lb. and in the other 
case of 112 lb. over a period of 30 days, and he eliminated the factor of 
comparative starvation by using a mixed diet. In the United States Hagan 
and Zeissig in 1927 fed three bovines on bracken, but they were compelled to 
discontinue the experiment owing to the supplies becoming exhausted. Fourteen 
days after the last feed, however, one animal developed symptoms and died, 
the autopsy showing typical lesions of bracken poisoning. 


“This work was done in conjunction with Dr. W. H. Andrews at the Ministry’s 
Laboratory, Weybridge, in 1928, but previous publication was not possible, 
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It would appear, therefore, from these experiments that it is necessary for 
an animal to receive a considerable quantity of bracken distributed over a 
relatively long period before the symptoms appear, and also that one may get 
symptoms at least 14 days after the last feed has been consumed. 

Stockman also reported that the disease had a seasonal distribution, and 
that cases only occurred between the months of August and the beginning of 
November. 

With ‘this data in mind, it was decided to conduct a series of experiments 
with the following objects :— 

1. To confirm the findings of previous workers that bracken eaten in 
large quantities produces fatal results in cattle, also to determine if lesions 
can be produced in sheep, goats, guinea-pigs and rabbits; 

2. To determine whether bracken is poisonous at one season of the year 
only; 

3. To discover if any relation exists between the body weight of an animal 
and the quantity of bracken which could be consumed; 

4. To ascertain if the time factor is associated in any way with the total 
quantity of bracken eaten before symptoms develop; and 

5. To determine the effect of feeding bracken previously autoclaved at a 
pressure of 10 lb. per square inch for half an hour. 

Experiments were commenced on June 15, 1928, with four cattle, one goat, 
three sheep, two rabbits and two guinea-pigs, this being the earliest date on 
which a liberal supply of bracken was available. 

Little difficulty was encountered in getting the animals to take their rations 
except in the case of one bovine and in the goats. It was found that goats were 
not partial to bracken, and difficulty was experienced in obtaining one which 
would eat it—even then it turned out to be a timid and intermittent feeder. 
No difficulty, however, was experienced in regard to the other animals. 

All the larger animals were housed in separate loose boxes without bedding, 
so that any unconsumed bracken dropped on the ground could be easily 
detected. 

The bracken was fed coarsely chaffed in all cases, and the woody stems 
which appeared in the latter part of the summer were removed before chaffing. 
In the initial experiments it was decided to feed one beast (No. 482) on a ration 
of 5 lb. of bracken per day, one (No. 479) on 10 Ib. per day, one (No. 480) on 
an unlimited quantity per day, and one (No. 481) on an unlimited quantity per 
day of bracken which had been previously autoclaved at 10 Ib. per square inch 
for 30 minutes. Two sheep (Nos. 264 and 268) were to have an unlimited 
quantity per day, and one sheep (No. 270) was fed on autoclaved bracken as 
prepared for Steer 481. 

The only goat (No. 561) which would feed on bracken was found on 
July 3 and came into the experiment on that date. It was to be fed on a 
maximum quantity of. bracken per day. 

The rabbits were to receive 30 grams per day and the guinea-pigs 15 grams 


per day. 
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Experiment 1—Steer 482 


This animal commenced feeding on June 15 with a daily ration of 5 lb. 
of bracken given in the morning followed by normal rations of hay and cut 
green grass. Bracken was eaten on every day until the time of death on 
August 19. The temperature varied between 102.4° F. and g9.6° F. until 
July 22, when it rose to 103° F. On July 23 it was 101° F. in the morning 
and 103.8° F. in the evening; on July 24, 101.2° F. in the morning and 
103.6° F. in the evening. On July 25 it was 101° F., and from then onwards 
to the date of death, August 19, it varied between 100° F. and 102.4° F. No 
rise of temperature was noticed in the days immediately preceding August 18, 
nor were any symptoms observed during the whole of the experiment. On 
August 18 the usual feed was consumed and the animal appeared normal, but 
died in its box on the morning of August 19 (there were no signs of struggling). 
About an hour before death a few drops of blood were noticed on the nostrils 
and the animal passed chocolate-coloured urine. The weight of the animal on 
July 15 was 4 cwt. 2 qr. 14 lb., and at the final weighing before death on 
August 16, 5 cwt. o qr. 14 lb. 


Post-mortem examination (August 19, 1928—one hour after death) :— 


There were numerous subcutaneous hemorrhages varying from petechiz 
to patches up to 8 in. long scattered throughout the animal. 


Hzmorrhages of varying sizes up to 1 in. in diameter were found in the 
peritoneum, pleura, pericardium, pharynx, larynx, trachea, bronchi, lungs, heart, 
liver, spleen, kidneys, bladder and throughout the intestinal tract. 


Experiment 2—Steer 480 


Feeding of this animal was commenced on June 15, the aim being to give 
the maximum quantity of bracken daily combined with other food without 
causing loss of condition. It was decided to commence with 10 Ib. of bracken 
and increase this if possible, but as the animal ate readily on the 16th and 17th 
it was increased to 15 lb. on the 18th, but the amount eaten until June 30 
never exceeded 14 lb. On this day the ration was increased to 20 lb. per day 
but until July 11 the whole of this was not consumed. From July 11 to 19, 
20 Ib. was taken daily; but on the latter date bracken was refused and the 
animal could not be induced to eat bracken again. Death occurred on July 25. 
No symptoms were shown until July 19, when the animal developed signs of 
intermittent colic—paddling of the feet and grinding of the teeth. This in the 
following days became progressively worse and the animal appeared dull and 
listless. ‘The head was extended forwards and downwards, and the extremities 
were cold. On the 19th and 2oth no food was taken, but from the 21st to the 
24th normal diet of hay and green grass was eaten readily. The temperature 
until July 18 varied from 100.0° F. to 102.2° F. On the evening of the 18th 
it was 102.0° F., but by the morning of the 1gth it had risen to 106.2° F. 


380 THE BRITISH VETERINARY JOURNAL 


From then until the evening of the 23rd it varied from 105.0° F. to 108.2° F., 
and then on the 24th fell to 103.4° F. in the morning and 103.6° F. in the 
evening. The weight of the animal at the commencement of the experiment 
was 4 cwt. I qr. 21 Ib. and on July 21, 4 cwt. 2 qr. 7 lb. 


Post-mortem examination:— 


Subcutaneous hemorrhages were absent. On opening the abdomen about 
24 gallons of straw-coloured gelatinous exudate was found. 


Hzmorrhages were present on the pleura, pericardium, heart, abomasum 
and mesentery only. 
There was one ulcer in the large intestine about the size of half-a-crown. 


Experiment 3—Steer 479 


This animal commenced feeding on June 15 with a ration of 10 lb. per 
day of green bracken. Feeding continued until June 23, during which time the 
full 10 Ib. was only consumed on three days. From June 24 to July 4 bracken 
was refused except on June 26, when 1 Ib. was eaten, and on July 1 and a2, 
when 5 lb. were eaten each day. From July 6 to 16 an amount varying from 
2 lb. to 5 lb. was consumed each day, followed by six days’ refusal, and then 
days on which 2 lb. to 3 lb. were consumed. From July 26 to September 13 
bracken was offered on each day but was refused, and the experiment was then 
discontinued. On July 18, 19, 20 and 21 the animal scoured badly. There 
was no rise of temperature throughout the experiment. The weight of the 
animal at the commencement of the experiment was 5 cwt., and at the time 
it was discontinued 5 cwt. 1 qr. 7 lb. 


Experiment 4—Steer 481 


For this experiment green bracken was autoclaved every morning at 10 |b. 
per square inch pressure for 30 minutes on enamel trays and fed to the animal 
as soon as it was cool. During the greater part of the experiment no other 
food was given. Feeding commenced on June 15 with 10 lb. of bracken. By 
July 13 the daily ration was 20 lb. and this remained const4nt until September 
24, when it was decided to increase the ration to 40 lb. per day. This ration 
was continued until October 25, but it was found that during the latter part 
of this period the full quantity was not eaten and the animal appeared to be 
sickening of its diet. This was apparently partly due to the fact that the 
bracken received at this stage was chiefly brown in colour and had very little 
moisture left in it. It was decided to reduce the ration to 10 lb. per day 
combined with the ordinary feed, and this was continued until December 3, 
when the experiment was discontinued. During November bracken hay had 
to be substituted for fresh bracken as no further supplies could be obtained. 
The weight of the animal at the commencement of the experiment was 
3 cwt. 3 qr. 21 lb. and on November 30, 5 cwt. 2 qr. 14 lb. 
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Experiment 5—Sheep 264 

Feeding in this experiment was commenced on June 15 with a daily ration 
of 14 Ib. of bracken, which was increased on June 24 to 3 lb. per day. This 
amount was eaten regularly until July 16, after which date; part of the daily 
ration was refused each day until on July 30 bracken was refused entirely. 
This animal was killed in extremis on August 9. For ten days previous to death 
the animal had been paralysed, very emaciated, normal faeces and no external 
lesions. It had fed regularly during this period. During the period under 
experiment 894 Ib. of bracken were consumed. The average body weight was 
36 Ib., thus giving a figure for the amount consumed per lb. body weight at 
2.57 lb. 


Post-mortem examination:— 

A few petechiz left side of chest wall; haemorrhagic area size of half-a-crown 
right side; blood very watery. Extensive pericarditis with gelatinous adhesions 
to heart wall; endocardium normal. Lungs normal. First, second and third 
stomachs full of food and normal. Fourth stomach, a few petechiz in wall but 
not acute. Very few parasites in the bowel. Kidneys normal. Bladder empty. 
Three small necrotic areas containing caseating matter in capsule of liver. 
Gall-bladder fully distended with a caseating mass which was becoming organised. 

Taking the extensive lesions found in cattle as a guide, there were no 
lesions to indicate death was due to bracken poisoning in this case. 


Experiment 6—Sheep 268 

Feeding in this experiment was the same as in Experiment 5 until July 4, 
when the ration was increased to 4 lb. per day. It was found, however, that 
the amount was refused after a few days and by July 16 the daily ration was: 
reduced again to 2 lb. This was eaten until August 15, when the animal 
refused it entirely, and from then until September 10 only 11 Ib. were consumed.. 
From that date until December 4, when the experiment was terminated, the 
approximate daily ration was 1 lb. per day. As in the case of Experiment 4,. 
during November dried bracken had to be substituted for green bracken. There: 
was no abnormal temperature throughout the experiment. 


Experiment 7—Sheep 270 

This animal was fed on autoclaved bracken as prepared in Experiment 4. 
Feeding commenced on June 15 with 14 lb. per day, increased on the 23rd 
to 2 Ib. per day, and on July 6 to 4 lb. per day. This was continued until 
November 2, with the exception that on a few isolated days amounts varying 
from 1 Ib. to 14 lb. were left unconsumed. On November 3 no bracken was 
eaten and on November 4 the animals was found dead, having shown no 
symptoms whatever. There was no temperature reaction during the whole 
experiment. 


Post-mortem examination:— 
The only lesions present were pericarditis with adhesions to the heart wall. 
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Experiment 8—Goat 561 
This animal commenced feeding on July 3 and fed fairly regularly until 
the time of its death on October 19. The maximum quantity of bracken 
consumed on any one day was 2 lIb., and bracken was eaten on 78 days. The 
average quantity per day was approximately 1.3 lb. The post-mortem examina- 
tion failed to reveal any lesions, and the cause of death was unknown. 


: Experiment 9 

In order to determine whether bracken produces its effects at only one 
period of the year, three further cattle were fed on bracken commencing at 
intervals. The first (S.487) started on July 9, the second (S.488) on August 3 
and the third (S.500) on September 29. S.487 and S.488 were fed on a maximum 
quantity of bracken per day, and S.500 was restricted to 5 lb. per day. The 
average weight of the animals, amount of bracken consumed and the time 
under experiment are given in the accompanying Table I. 

S.487 showed no temperature fluctuations until August 23, when the 
temperature rose to 103.4° F. It returned to normal on the following day 
and remained so until the period August 30 to September 3, when it remained 
at 103.2° F. From September 4 to 7 it was again normal, but on September 8 
it was 104.6° F. and on the gth and roth 108.2° F. Death occurred during 
. the night of September 10-11. 


Post-mortem examination:— 

Subcutaneous hemorrhages were present throughout. Hzmorrhages were 
also present in the liver, pleura, throughout the omentum, rumen, abomasum, 
large and small intestine. The cecal contents comprised pure blood in clots and 
the colon contents were very liquid and heavily blood-stained. Ulceration was 
present in the cesophagus. 

5.488 had a normal temperature until September 3, when the temperature 
jumped to 107.4° F., and from then until the date of death, September 19, the 
temperature varied between 105° F. and 107° F., except on September 8, when 
it dropped to 103.2° F. This animal commenced to pass blood from the nose 
and anus on September 15, and this continued until the time of death. Feeding 
stopped on September 18. 


Post+mortem examination:— 

Subcutaneous hemorrhages were present over the inguinal and costal spinal 
areas. There were also hemorrhages in the pleura, lungs, pericardium, heart, 
peritoneum, mesentery, kidneys, spleen, liver, gall bladder, bladder, and the 
whole intestinal tract. 

Numerous ulcers were found in the abomasum, duodenum, small intestine, 
cecum and colon. 

S.500. During the latter part of this experiment the animal had to be fed 
on dried bracken as it was impossible to find any further supply of green 
bracken. The temperature reactions in this case were very interesting. After a 
constant daily temperature until November 4 there was a period of 5 days in 
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which the morning temperature was normal, but the evening was sub-normal 
and varied between 95° F. and 98.6° F. 

Following this the average daily temperature until November 30 was 
approximately 1° F. higher than in the first stage of the experiment, and from 
then onwards until the time of death, on December 6, there’ was a gradual rise, 
with one fall of 2° F. on December 4, to 107.6° F. on the last day. Symptoms 
appeared earlier in this case and were more pronounced than in the previous 
cases. 

December 3.—Temperature 105° F. Pulse 72. Full and normal. 
Animal dull but feeding normally. 

December 4.—Temperature 104.2° F. Pulse 68. Full and normal. 
Respirations 16 to the minute. 

December 5.—Temperature 104.8° F. Pulse 66. Sluggish and. weak. 
Respirations 22 and shallow. Animal standing with head down, dull, occasional 
grinding of the teeth. Extremities cold. Feeding still normal. 

December 6.—Temperature 106.8° F. Pulse 78 per minute and very; 
weak. Respirations 22 per minute. General appearance and symptoms similar 
to the previous day. 

December 7.—Temperature 107.4° F. Pulse 80 per minute and very 
weak. Respirations 28 per minute. The jugular pulse was very marked; the 
animal was standing with the head down and was disinclined to move, but on 
movement there was a marked stiffness in the limbs. There was a watery 
discharge from the nostrils, the dung was normal and the animal was still 
feeding. Later the animal was found dead. 


Post-mortem examination:— 

Subcutaneous hemorrhages were -present throughout. There were also 
hemorrhages in the pleura, lungs, trachea, pericardium, heart, peritoneum, 
mesentery, the whole of the intestinal tract, liver, spleen, kidneys, gall bladder, 
bladder, general musculature, turbinate bones, spinal cord and brain. 


Experiment 10 

With a view to determining whether there was any septicemic infection in 

an animal at the time that symptoms were in existence, blood was withdrawn 

from Steer 488 on September 15, citrated, and 100 c.c. of the citrated blood was 

inoculated intravenously into Steer 496, and 2 c.c. into each of two rabbits. 

These animals were kept under close observation until October 16, but as no 

reaction of any kind had been noticed during this period the experiment was 

discontinued. 


Experiment 11 
Two guinea-pigs, Nos. 351 and 352, were both fed from June 18 to 
December 4 with 15 gm. of bracken per day. The bracken was eaten readily 
and the animals remained in good health and maintained their body weight. 
Two rabbits, Nos. 349 and 350, were also fed with 30 gm. of bracken per day 
over the same period. The health was good throughout and the body weight 
was maintained. 
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Summary 
The above experiments seem to confirm the work of previous workers that 
bracken eaten in the natural state by cattle in large quantities appears to produce 
fatal results. It would also seem that sheep are not so susceptible, that goats 
have a natural disinclination to eating bracken, and that guinea-pigs and rabbits 
can eat it over a long period apparently with impunity. 


The experiments would also appear to suggest that bracken is poisonous 
during all of its growing period, and from the results obtained—as in Experiment 
9, animal S.500—it is probable that even bracken hay is poisonous. Further 
work on this point, however, would appear to be desirable. 


No definite conclusions were drawn in regard to the amount of bracken 
necessary to produce fatal results or to the time factor between the commence- 
ment of eating bracken and the production of symptoms, but it will be seen 
from Table I that one animal ate a total of 110 lb. without causing death, 
and that the shortest time between commencement of feeding bracken and the 
date of death was thirty-nine days (Steer 480). 


The most conclusive experiment would appear to have been that in which 
autoclaved bracken was fed to Steer 481, with a total of 3,278 Ib. consumed, 
while the animal remained in perfect health. It might also be observed that 
this animal had a greater proportion of bracken fed to it than any of the other 
animals under experiment and would consequently rather discredit suggestions 
that death in the other animals was due to lack of vitamins, absence of minerals 
or any other dietetic factors. 

From the results it would seem that there are grounds for thinking that 
the effects of bracken poisoning are cumulative in action, as no symptoms are 
observed until the last stages of the condition and just before death occurs. 
It is also apparently safe to assume from the experiment conducted on Steer 481 
of feeding it with autoclaved bracken that the cause of the illness and death 
in cattle as a result of eating bracken is destroyed by heat. Further work would 
appear to be necessary to ascertain whether the toxic effects of bracken poisoning 
are produced as a result of a substance contained in the bracken which is 
poisonous to cattle, or whether bracken harbours some bacterial or other similar 
agent which is pathogenic to cattle. It is also possible that the toxic substance 
may lower the resistance of the animal and thus permit some of the normal 
flora of the alimentary tract to become pathogenic. 

It would seem that the period of four to eight weeks between the commence- 
ment of feeding bracken and the onset of symptoms does not support the theory 
of a bacterial infection but favours a thermo-labile cumulative toxin with or 
without secondary bacterial infection. 

The post-mortem lesions were fairly constant and consisted of hemorrhages 
varying in size and scattered through the thoracic and abdominal cavities, with 
extension to other parts in certain cases. Ulcers were also present in some cases 
and seem to be a later stage of the hemorrhages and clinically resemble the 
ulcer found in cases of swine fever. 


386 THE BRITISH VETERINARY JOURNAL 


THE EFFECT OF CONTINUOUS INGESTION BY 
POULTRY OF BENZENE HEXACHLORIDE 


By D. J. G. BLACK and J. GETTY, 


Department of Agriculture, University of Reading. 
an 


H. R. JAMESON and H. PIRIE, 
Imperial Chemical Industries, Ltd. 


THE gamma isomer of benzene hexachloride (referred to throughout this 
paper as gamma BHC) is being used to an increasing extent for the protection 
of grain and feeding stuffs from insect attack. It may, for example, be applied 
to grain before milling at the rate of one-half part per million and so find its 
way into bran and middlings, much of which is eventually disposed of as poultry 
food. It is of practical interest, therefore, to determine the risk of taint in eggs 
or poultry flesh as a result of the continuous ingestion by the birds of small 
amounts of BHC. Investigations have already been carried out by other 
workers“ ?) on the possible toxicity of BHC, and results reported here deal only 
with tainting effects. With this object, two experiments were carried out at 
Lane End Farm, Shinfield (University of Reading), in collaboration with 
Imperial Chemical Industries Limited—a preliminary test in 1947 and a second 
assessment in 1948. 

1947 Experiment (May-July) 

Stock.—The birds used in this trial consisted of 30 Rhode Island Red pullets 
hatched in March, 1946. Prior to the experiment they were reared and managed 
on ordinary commercial lines. Throughout the experiment the birds were housed 
in individual battery cages. Food, water, flint and limestone grit were supplied 
ad lib. 

Treatment.—The birds were placed at random in five groups of six birds 
each. The basal ration, to which varying concentrations of BHC dust were 


added, consisted of :— % 
Dredge corn “ee aS oe six 40 
Middlings sis oes as ue 3o 
Bran ts aN a ae cA 14 
Fish meal ... a sles Fie aan 8 
Dried grass se tie thes wert 5 
Dried yeast oa os ies ak 2h 
Salt 


One pint of cod liver oil was added to every 100 lb. of food. 
To this diet crude BHC (13% gamma isomer) was added as a concentrate 
in gypsum in the following proportions :— 


Group 1 (control) ... a ... Gypsum only 

Group 2... oe ee ... 8 parts per million BHC 
Group 3... a me je Rae ee me 
Group 4 ... Sia Siig eee RS ‘3 ¥ 


Group 5... as ane a ee ee 


ae 
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Records.—The weight of each bird and also its food and water consumption 
were recorded weekly. Eggs were weighed individually. 

Two birds from each group were killed at the end of 42 days’ treatment, 
two more after 63 days, and a third pair after 84 days. Part of the flesh (portion 
of breast and one leg) was analysed for BHC content at the Widnes Laboratories 
of Imperial Chemical Industries Limited, the remainder being cooked by boiling 
and afterwards tasted. Every fifth egg laid by each of two birds selected at 
random from each group was analysed for BHC content. The remainder of the 
eggs were distributed to members of the staff and students of Reading University 
who, after boiling and tasting them, reported any “ off-flavour” (i.e., taint 
assessment). 


Results 


The results of taint assessment and BHC analyses are summarised in Table I, 
which shows the more rapid appearance of taint in the eggs and the increase in 
the BHC content of eggs and flesh as the dosage levels increase. 

TABLE I 
SUMMARY OF 1947 EXPERIMENTS 


Liew dee rpm Hise A BHC|A BHC 
m,. crud mg. crud of days before |Average verage 
Group No. | BPC added | BHC per taint appeared|in eggs ppm. |in flesh ppm. 
to food day in eggs 
2 8 I.1 >58 0.8 0.23 
3 12 1.7 42 1.4 0.35 
4 24 3-4 34 2.5 0.8 
5 80 11.2 15 11.9 2.0 


These results indicate that on this basis of taint assessment the permissible 
limit for continuous ingestion is about 8 ppm. of the total food, corresponding 
to about 1 mg. crude BHC per bird per day. 

General Observations——(1) No taint was noted in the flesh of any of the 
birds after cooking. (2) No significant differences between control and treated 
groups were observed in respect of live weight increase, food and water con- 
sumption, number and weight of eggs laid. (3) On post-mortem the internal 
organs of each bird were found to be normal. 


1948 Experiment (May-November) 

The 1947 experiment had suggested that dosage levels near 8 ppm. crude 
BHC would be likely to cause taint. In 1948, therefore, the effect of an 
equivalent amount of technically pure gamma isomer was studied. The oppor- 
tunity was taken to investigate the effects of really massive doses of the crude 
material. 

In this trial the birds (again Rhode Island Red pullets) were accommodated 
as in the previous experiment. 

Treatment.—The birds were placed at random in four groups of ten birds 
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each. The basal ration, to which the varying quantities of BHC dust were 
added, consisted of :— 


% 
Maize meal jan ae ns ae 35 
Middlings ... ia ice ne a 30 
Bran ain a ee nea ve 15 
Groundnut meal ... ons nm! ee 10 
Fish meal ... ue sk pia sa 5 
Dried skim milk ... 3 
Limestone flour ... men ons sae 14 
Salt Sve sie oe ares ties 4 


One pint of cod liver oil was added to every 100 lb. of food. Limestone 
and flint grits were supplied ad lib. 


TAB 
PER CENT Eccs TaInrzp Co: 
Treatment Week 1 2 ‘7 
Crude BHC—84 ppm. ... BHC content ... 0.9 1.7 35 4 
% tainted a 2.5 2.7 39 
Crude BHC—42 ppm. ... BHC content... 0.5 1.5 1.5) 49 
% tainted set 6.8 58 i 
Gamma BHC—1 ppm. ... BHC content... o re) a | 
% tainted . = — e |. 
Control __.... fies .. BHC content... -- 0 am | 
% tainted ies Oo ® ; 


Crude BHC (13 per cent gamma) or technical grade gamma BHC (90 per 
cent gamma), diluted with gypsum to facilitate mixing, were added to the basal 
ration in the following amounts :— 

Group 1 (control) ... ae ... No BHC; gypsum only 
Group 2... bis sie ... I part per million BHC 
(in the form of technical grade 
gamma BHC—g0% gamma) 
Group 3... ke as ... 42 parts per million BHC 
Group 4... eM ie ing RSet es ~ 
(in the form of crude BHC con- 
taining 13% gamma isomer) 

Records.—Details of individual weight, food and water consumption, and 
egg weight were recorded as in the previous trial. 

(a) Assessment of Egg Taint.—In assessing egg taint two systems were 
adopted :— 

(i) Eggs were supplied to members of the staffs of Reading University and 
the I.C.I. Biological Research Station at Hawthorndale, and these were tasted 
at home under ordinary household conditions. 

(ii) Eggs were submitted to panels of tasters, and at Hawthorndale a tech- 
nique was adopted which enabled the results to be statistically analysed. At 


ween 


TAB 1 
ro 
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Reading, the eggs were tasted after boiling, but at Hawthorndale initially two 
or three consecutive eggs from each hen were scrambled without milk or fat in 
a beaker placed in boiling water and portions were submitted to a tasting panel. 
After the experiment had been in progress for a considerable, it became evident 
that whereas negligible taint in scrambled eggs was being observed by the panel, 
domestic observers were reporting appreciable taint from boiled eggs from the 
same hens. Thereafter, the eggs were soft-boiled at Hawthorndale,, and in 
this condition results from the tasting panel were in general agreement with 
those from domestic observers. 


TABLE II 
Per cent Eccs TaInTtED—ASSESSED BY Domestic TAsTERs, 1948 
Treatment Individual hens Average 
Crude BHC—84 ppm. ... 13.6 213 12.5 37 150 222 120 00 88 192 ... 141 
Crude BHC—42 ppm. .... 0.0 341 00 45 122 75 73 288 42 00 ... 115 
Gamma BHC—1 -_ . 00 63 00 00 59 — OO — 176 — ... 44 
Control ... . 00 00 00 00 00 00 00 00 37 OO... 04 


CoNTENTS PPM. 


ti 5 6 7-10 = TI-14—Sss15-18 )~— 19-22 )3=- 23-26 )—S 27-28 
—— 2 = ri “ ~- -- —* 
5 a 4.2 4. .0 4. — — — 
may) 9-7 1.1 6.7 = 18.2 25.7 26.0 28.0 
15.2 
i 17 3.6 2.6 2.8 2.8 3-9 2.5 4.1 5.0 
a — 1.1 0.6 0.4 — -— — 
0 vy) ft) 12.5 — ty) 7.1 4:3 Oo 
le ~~ — 0.6 0.6 — — — 
oo fC) Oo 0 ” ty) re) re) oO 


* During this period five eggs were tasted of which one was reported as slightly tainted. 
—No egg analysed or tasted during this period. 

(b) Assessment of Flesh Taint.—At the end of the experiment, two birds 
from each treatment were killed, roasted, and tasted at Hawthorndale 
Laboratories. 

Chemical Analysis—Approximately one egg per bird per week was 
analysed for BHC content by the Research Department, I.C.I. (General 
Chemicals Division), Widnes. At the end of the experiment, liver and body fat 
from the eight birds killed were also analysed for BHC content. In all about 
300 determinations were made. 


Results 1948 

(a) Eggs.—Table II illustrates the very great variation between individual 
birds, and emphasises the difficulty of making any but the broadest general 
deductions. However, it is clear that at these high levels the crude BHC does 
produce a taint in a considerable number of eggs and the gamma BHC produces 
a slight taint in a few eggs. 

So far as gamma BHC is concerned, Table II shows that although an 
average of 4.4 per cent of the eggs was recorded as tainted, all of these eggs were 
laid by three hens. In the few assessments done on boiled eggs by the Haw- 
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thorndale panel, towards the end of the experiment, no significant taint was 
recorded. It is reasonable to assume, therefore, that for continuous ingestion 
1 ppm. gamma BHC in the total food is close to the threshold of significant taint 
in the eggs. 

Table III shows that in the case of the hens receiving crude BHC, the BHC 
excreted in the eggs tended to rise during the first 6-q weeks after treatment 
commenced, and thereafter remained more or less constant, although there was 
considerable variation in the amounts excreted by individual birds. 

(b) Flesh.—No taint was observed in the flesh or fat of the roasted birds. 
Table IV shows the BHC contents of the body fat and liver of hens killed at 
the end of the experiment. Since the hens examined had ingested BHC 
continuously for 64 months, these figures are likely to show the maximum 
amounts retained. 

TABLE IV 
BHC Contents (PPM.) OF LIVER AND Bopy Fat or HENS KILLED AFTER 
64 Montus, 1948 
BHC detected in liver and body fat—ppm. 


Treatment Individuals Average 
42 ppm. crude BHC Ye 4.5 4-5 5.8 — eas 4-9 
84 ppm. crude BHC ies 3.7 4.8 3.2 3.6 ane 3.8 
I ppm. gamma BHC ne 0.6 0.6 0.4 0.6 es 0.6 
Control te 0.5 0.0 0.0 0.5 ses 0.3 


General Observations.—(i) No differences were observed between control 
and treated groups in respect of egg production, live weights, or food and water 
consumption. 

(ii) During the experiment the birds appeared normal in every respect and 
also on post-mortem examination. 


Summary 


1. Crude BHC and go per cent gamma BHC are commercially available, 
and are likely to be used in the protection of cereal feeding-stuffs from insect 
attack. These chemicals have been added at varying levels to the diet of laying 
hens to determine whether, if used in this way, they would taint eggs or poultry 
flesh. 

2. After continuous ingestion for 64 months of amounts up to 84 ppm. 
crude BHC in the feed, equivalent to an intake of about 10 mg. BHC per hen 
per day, no taint was discernible in the flesh or fat of the birds after cooking. 

3. Inthe 1947 experiment, where eggs were boiled under normal domestic 
conditions taint was just discernible at feeding levels of 8 ppm. crude BHC. 
The 1948 experiment suggested that continuous feeding of 1 ppm. gamma BHC 
was Close to the threshold of significant taint. 

4. After continuous feeding of 1 ppm. gamma BHC, a number of eggs 
were recorded on chemical analysis as containing small but detectable amounts 
of BHC. But this was also shown to be the case in eggs from the control group, 
and the differences between the BHC content of the eggs in these two groups 
were not significant. 
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5. Continuous feeding of 42 and 84 ppm. crude BHC resulted in appre- 
ciable quantities of BHC appearing in the eggs. : 

6. In no case were significant differences observed between control and 
treated groups in respect of egg production, live weight, food and water consump- 
tion, and no changes were found on post-mortem examination. 
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SOME RECENT ADVANCES IN THE GENERAL 
ANASSTHESIA OF THE DOG* 
PART II 
By NORMAN COMBEN, B.Sc., M.R.C.V.S., 


Kensington. 
MorpHINE. 

Morphine, on the other hand, does not depress mucous secretion, but has 
marked analgesic and hypnotic properties. In accordance, it depresses the M.R. 
Morphine is also a powerful respiratory depressant, and should thus not be used 
as a premedicant to anesthetic agents which have a similar action, such as the 
barbiturates. This action also contra-indicates its use before anzsthesia for 
Cesarian section, for although it depresses uterine movements, it will pass through 
the placentz and depress the respiratory centres of the foetuses. 

Furthermore, the respiratory depression produced by morphine often renders 
it unsuitable for use with open inhalation anesthesia of any nature. With the 
depressed respirations it may become difficult to introduce sufficient of the 
inhalation agent into the animal. This is a further point which contra-indicates 
its use for Czsarian section, which will probably be performed under ether 
anzsthesia. 

Morphine is also a powerful stimulant of the vomiting centre, and a dog 
can be relied upon to vomit, and probably also to defecate, within a few 
moments of the administration of a full dose. Indeed, morphine is used in 
practice as an emetic agent. 

Lacroix and Riser (1949) have expressed the opinion that certain breeds 
of dogs require a comparatively larger dose of morphine than others. Foremost 
in this category they place chows and certain strains of cocker spaniels. 


*This work was done whilst the author was holding a Research Training Scholarship 
from the Animal Health Trust. 
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McCunn (1947) has described the use of morphine as a sole anzsthetic 
for all surgical work. 


PETHIDINE. 

Pethidine (Isonipecaine, Demerol) produces, in the human, a greater degree 
of sedation and hypnosis accompanied by depression of the vomiting centre, but 
far less depression of the respiratory centre than is produced by morphine, even 
though its analgesic potency is not so great (Cushny, 1947). 

Gruber, e¢ al. (1941) investigated the pharmacological properties of 
pethidine in the dog, and reported a marked depression of both respiration and 
blood pressure following the intravenous administration of even very small doses 
(as little as 2 mgm.). Both of these, however, rapidly returned to normal. 


The potentiation by pethidine of the hypnotic effect of sodium evipal 
administered by the intravenous route to rats was reported by Barlow, et al. 
(1942). 

Later, Rovenstine and Batterman (1943) recorded the satisfactory use of 
pethidine as 4 premedicant to anesthesia in the dog with cyclopropane, ether, 
and pentothal. They used a dose of 10 mgm./kgm. by the intravenous route, 
and reported that there was no excitement during the induction stage, and that 
it was possible in all cases to introduce an endotracheal airway at an earlier 
stage of the anesthesia than in dogs not so premedicated. 


This result was confirmed in the case of cyclopropane the following year 
by Robbins (1944), who, using the same dose but the intramuscular route, noted 
only a moderate fall of blood pressure for a period of 10 to 20 minutes after 
injection. Robbins also states: “. . . . the cardiac irregularities routinely 
observed during cyclopropane anesthesia after morphine premedication in dogs 
are not observed after demerol premedication.” 


The action of pethidine on the uterus is not at all clear, but, according to 
Gruber, e¢ al., stimulation is the usual response of the intact uterus. They state, 
however : “ Pregnancy may not be a contra-indication for the use of this drug. 
One of our dogs used for chronic toxicity studies gave birth to a litter of per- 
fectly normal pups although she had received 50 mgm. of the chemical each 
day for three weeks.” 

It is felt that pethidine may prove of great value as a premedicant in canine 
anesthesia, and that as such it would repay extensive clinical trial. 

Basal Narcosis. 

The drugs most suitable for the production of basal narcosis may be divided 
into two groups :—— 

(1) Those drugs which are administered per rectum, notably paraldehyde, 
bromethol, and thiopentobarbitone in oil. 

(2) The short-acting barbiturates administered by mouth, notably 
pentobarbitone. 

The use of basal narcosis in canine practice is probably very limited. It is 
often impossible to persuade an apprehensive animal to retain any infusion 
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which has been applied per rectum. Paraldehyde has the disadvantage of a 
foul odour which will soon dominate the surroundings, and bromethol 
(“ Avertin ”) is troublesome in that it has to be prepared and tested for acidity 
immediately before use. 


Pentobarbitone (“‘ Nembutal ”) can be used satisfactorily if the anzsthetic 
agent is not to be a barbiturate. The danger of using follow-on doses of the 
short-acting barbiturates will be stressed in the following section. If an inhalation 
anzsthetic is to be used, pentobarbitone may be given by mouth as a basal 
narcotic. It is advisable to prick the capsules before administration, and to 
administer at the same time a small dose of an alkali to ensure a pH within the 
stomach which permits of solution and absorption of the pentobarbitone. It 
is essential to ensure that only enough is administered to produce basal narcosis 
and not enough to put the animal into the stage of excitation. If this stage be 
reached, the animal may be even more difficult to handle than before, and 
the danger of primary cardiac failure increased if chloroform is to be an 
ingredient of the anesthetic mixture. 


6. The Pharmacology and Applications of the Short-acting Barbiturates. 


The short-acting barbiturates, e.g., pentobarbitone (“ Nembutal”) and the 
ultra-short-acting barbiturates, e.g., thiopentobarbitone (“‘ Pentothal ”) owe their 
short-lived action to the fact that they are rapidly broken down within the body. 
This breakdown, or detoxication, is thought to occur both in the liver and in the 
body tissues, and is in contradistinction to the fate of the longer-acting bar- 
biturates, e.g., phenobarbitone (“ Luminal ”), which largely remain active in the 
body until they are excreted unchanged in the urine. The ultra-short-acting 
barbiturates are broken down more rapidly than the others within this group 
as they possess a loosely-bound sulphur radical which is a weak point in their 
chemical constitution. 


Even though these barbiturates are broken down largely in the liver in 
the normal animal, this breakdown will still occur in the animal suffering from 
the most severe liver dyscrasia, and it is assumed that in such a case the break- 
down takes place in the body tissues. Under such circumstances, however, 
the duration of action of the short-acting and the ultra-short-acting barbiturates 
is considerably prolonged. The chemical mechanism of the breakdown reaction 
is little understood, and the by-products are not known. But it is well known 
that subsequent doses of a barbiturate are detoxicated more slowly than a first 
dose, and in the case of pentobarbitone in particular that a second small “ boost ” 
dose given during the course of anesthesia may rapidly lead to respiratory 
collapse and death. On these grounds it has been suggested that a specific sub- 
stance may be involved in the detoxication of the barbiturates which, once used; 
cannot be replaced rapidly. 


Anderson and Essex (quoted by Adriani, 1946) have reported a cyclic 
disappearance and reappearance of pentobarbitone in the blood of dogs after 
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intravenous administration, but the meaning and significance of this observation 
has yet to be determined. 


The marked respiratory depression produced by the barbiturates is well 
known, and is seen as a decrease in both the rate and the depth of respiration. 
An animal recovering from barbiturate anesthesia regains its depth of respira- 
tion first and its respiratory rate later. 


The barbiturates also produce a fall in both the pulse rate and the blood 
pressure. The blood pressure is largely compensated for by peripheral vaso- 
constriction, and will return to a figure near to normal in a short space of time. 
Very old or very weak animals may take a long time to bring about this 
compensation, and thus be subject to a lowered blood pressure for a longer time. 
The resulting prolonged anoxia in such a case may prove serious. 


There is a tendency to decreased urinary output under barbiturate anzs- 
thesia, but no other changes have been reported in the kidneys. The pregnant 
uterus is stimulated to contract and the barbiturates pass through the placentze 
and depress the respiratory centres of the foetuses. 


It is now possible to appreciate the risks which may attend the use of 
general anesthesia produced by the short-acting barbiturates in the different 
cases which are met with in general practice. The depression of respiration, 
blood pressure, and pulse rate, together with the removal of a large number of 
the red blood cells from the circulation, all contribute towards the production 
of a state of anoxia. Barbiturate anesthesia is thus primarily contra-indicated 
in animals with any pathological condition of the heart or the respiratory organs, 
particularly if such an animal be old. 

Baribiturate anesthesia is also contra-indicated for the first part of Casarian 
operations, for the drug will pass through the placente and depress the 
respiratory centres of the foetuses just at the time when they need maximal 
stimulation. Even though the young be delivered in a robust condition and 
breathing well, respiratory depression may come on any time within the first 
thirty minutes of extra-uterine life and persist for many hours. Once the young 
have been delivered an ultra-short-acting barbiturate will provide ideal anzs- 
thesia under which to complete the operation. 


Barbiturate anesthesia will be found the most satisfactory in the dog for 
by far the majority of normal surgical operations and conditions where prolonged 
maintenance of anesthesia is required. It may be used with relative safety in 
the animal with liver dyscrasia or nephritis. In the human, cases of “ bar- 
biturate rash ” have been reported following the use of thiopentobarbitone, but 
no such complication seems to have been reported in animals. There is the 
risk with thiopentobarbital of localised cellulitis and sloughing around the site 
of injection if some of the drug is accidentally introduced subcutaneously instead 
of intravenously. This contra-indicates the use of the drug if injections have 
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to be given by an unskilled person, but even this may be overcome by injecting 
the solution into the rubber tube of a continuous intravenous saline or plasma 
drip (Section 14), which can be set up by the operator prior to sterilisation. 

Should the accident occur, however, and some of the drug escape sub- 
cutaneously, it has been recommended by Elder and Harrison (1944) that 
immediate infiltration of the area with a 1 per cent solution of procaine 
hydrochloride in normal saline will usually effectively prevent the occurrence 
of any tissue damage. The application of warmth is also recommended, and 
the authors advise that pentothal sodium should never be used in concentrations 
greater than 2 per cent. 

Perhaps the most useful anesthetic routines for the widest possible range of 
cases would consist of induction to a light or deep plane, as the.case warranted, 
with thiopentobarbital; this followed by maintenance with further intermittent 
injections of the same agent and/or oxygen/ether or oxygen/nitrous oxide/ether. 

The technique for the administration of the barbiturates to the dog is 
adequately described by Wright, and brief reviews of the use of these agents 
in the anzsthesia of the small animals have been made by Raventos (1941) 
and Knight (1949). 


7. The Pharmacology and Applications of Ether. 


Ether is not metabolised to any exent in the body, and go per cent of 
inhaled vapour passes out unchanged in the exhaled air. Small amounts are 
excreted via the skin and in the urine. 

It is considered that ether has no direct action upon the respiratory centre, 
and that as such it is the only common anzsthetic agent which does not depress 
respiration. The vapour itself is very irritant to the respiratory tract, and will, 
in fact, cause an initial increase in the respiratory rate and an increase in the 
mucous secretions of the tract. For this reason, ether should ideally never be 
administered to an animal which has not been premedicated with atropine. 


Ether depresses the carotid sinus and produces some vasodilation. The 
cerebral vessels, particularly, dilate and there is an increased risk of hemorrhage, 
especially in this area. Ether is toxic to capillary walls, as a result of which 
their permeability is increased, and the resultant transudation of fluid leads to 
hzmoconcentration. 


There is a fall in urinary output after ether anzsthesia, which may persist 
for as long as 56 hours. 


Movements of the hollow viscera are depressed with ether, and this effect 
may last for some hours after the anzsthesia, with the attendant risk of post- 
operative paralytic conditions of the alimentary tract. Ether will pass across 
placentz, but the respiratory centres of foetuses are not depressed. 


During ether anzsthesia the output of adrenalin is increased, and the liver 


glycogen may be depleted by as much as 50 per cent during the first hour of 
anesthesia. 
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In the human, blood concentrations of 90 mgm. per cent ether produce 
light anzsthesia, 113 mgm. per cent produce deep anzsthesia, and not until a 
concentration of 187 mgm. per cent has been reached does respiratory arrest 
occur (Adriani, 1942). It can thus be seen that there is a wide margin of safety 
in the use of ether, i.e., the drug has a high therapeutic coefficient. Adriani 
also states (1946) that the lethal inhalation concentration of ether for dogs is 
from 6.7 per cent to 8.0 per cent by volume. 


- 


From the wide safety margin which exists with ether anesthesia, and the 
fact that it is the only common anasthetic agent which does not depress respira- 
tion, can be seen the reason why it is the anesthetic of choice for so many 
purposes. Even if an animal passes to the stage of respiratory arrest under 
ether anesthesia, it will invariably respond to artificial respiration. This is not 
the case with other anesthetic agents. 


Ether is also the anesthetic of choice for the first stage of Czsarian opera- 
tions, for the respiratory centres of the foetuses are not depressed. 


There are, however, very definite disadvantages which attend the use of 
ether. These are as follows :— 


(1) Ether is very inflammable (more so in oxygen than in air), and thus its 
use is precluded at all times when the diathermy, electro-cautery or any naked 
flame are to be used. 


(2) It is very irritant to the respiratory tract, and this precludes its use on 
any animal with acute respiratory disease. It should, in any case, always be 
preceded by atropine premedication. 


(3) It will frequently not produce a satisfactory deep plane of anesthesia 
by itself. 
(4) Hemorrhage is increased. 


(5) Induction with ether alone may be difficult. This difficulty may be 
overcome in two ways: (i) by combining another anesthetic agent with the ether 
during the induction, e.g., chloroform, ethyl chloride, or vinesthene; or (ii) by 
producing a condition of anoxia in the animal by cutting down the oxygen 
supply or by administering COz until respirations have become greatly stimu- 
lated. | When this stage has been reached, a high concentration of ether in 
oxygen is applied, and the increased respirations will then rapidly carry in the 
necessary amount of ether to bring about induction. 


8. The Pharmacology and Applications of Chloroform. 


When considering the pharmacology of chloroform, two unfortunate prop- 
erties of this anzsthetic agent spring to mind. One is its tendency to produce 
primary cardiac failure, the other the frequency of delayed chloroform poisoning. 
Something of the mechanism of both of these phenomena is now known. 
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Chloroform, unlike ether, is metabolised and detoxicated to a large extent 
within the body—in the liver. It is thought that in the course of this reaction 
minute amounts of free hydrochloric acid are liberated, and that it is this free 
acid which is responsible for the cloudy swelling and fatty degeneration which 
are frequently the precursors of delayed chloroform poisoning. 


Chloroform depresses the respiratory centre but tends to produce bronchial 
relaxation. The vapour is non-irritant and it can be used safely without pre- 
medication with atropine. 

Chloroform, like ether, depresses the carotid sinus and produces vaso- 
dilation with a resultant fall in blood pressure. But chloroform also acts directly 
on the myocardium in two ways: (i) the force of the individual beats is reduced, 
the cardiac output falls, and there is enlargement of the heart, and (ii) the 
sensitivity of the myocardium, especially of the ventricles, is increased. 


| As a result of this increased sensitivity, ectopic beat centres may appear in 
| the myocardium and then fibrillation commences. This fibrillation, which in- 
variably precedes death, will occur whilst regular respiratory movements are 
maintained. 


Now it is well known that chloroform renders an animal more susceptible 
to the action of adrenaline, and that under chloroform anzsthesia relatively 
small amounts of this drug may prove fatal. It has been shown that in the 
presence of adrenaline the tendency of the myocardium to go into fibrillation 
is increased, and it is thought that it is the combined sensitising and stimulating 
actions of chloroform and adrenaline on the myocardium which accounts for the 
majority of cases of primary cardiac failure which are seen in general practice. 


In the course of anesthesia under normal conditions, adrenaline may be 
involved from a number of sources :— 

(1) The traumatised animal suffering severely from shock may be under the 
influence of its own internal secretion of adrenaline. 
(2) The fearful and naturally apprehensive animal which fights the 
anesthetic and undergoes a stormy induction will secrete relatively large amounts 
of adrenaline at this stage and constitute a great risk to itself. Thus it is that 
there is often a greater risk of cardiac failure during induction than in deeper 
planes of chloroform anzsthesia. . 

(3) If in the course of an operation the anesthesia becomes light, the higher 
centres may receive afferent impulses from the operative site and a reflex secretion 
of adrenaline result. This again illustrates the greater risk of cardiac 
failure during light chloroform anesthesia than during a deeper plane. 

(4) Adrenaline may be injected by an unskilled person with the object of 
stimulating an obviously failing heart. 

(5) Adrenaline may inadvertently be injected along with a local anesthetic 
if the latter is being used to supplement general anesthesia. 


There is a fall in urinary output with chloroform anesthesia and the kidney 
tubule cells may show degenerative changes similar to those in the liver. 

Chloroform, like ether, is toxic to capillary walls and this causes hemo- 
concentration. Movements of the hollow viscera are depressed and this may 
predispose to post-operative paralytic conditions of the alimentary tract. Move- 
ments of the uterus are also depressed with high chloroform concentrations, and 
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whilst chloroform will pass across the placenta to the foetuses, the depression 
of the feetal respiratory centres which results is not so marked as that produced 
with barbiturate anzsthesia. 

It has been shown in the case of the human that satisfactory anesthesia can 
be maintained with an inhalation concentration of chloroform of between 1.3 
per cent and 1.6 per cent, but that a concentration of 2.0 per cent will in time 
produce respiratory arrest. The safety margin with chloroform is thus far less 
than with ether, i.e., chloroform has a low therapeutic coefficient. 


From the foregoing remarks it will be understood that chloroform is 
absolutely contra-indicated for induction in the exitable, nervous animal, for 
maintenance if a light plane only is required, or if adrenaline is to be used in 
any form whatever. It is also contra-indicated in patients suffering from shock, 
and in patients suffering from any pathological condition of the heart, the liver, 
or the kidneys. 

Chloroform is also relatively contra-indicated, on account of its toxic nature, 
whenever repeated anzsthesia is required on each of a succession of days. 

It will provide satisfactory anesthesia, however, when the maintainance of 
a deep plane is required, whenever there is a grave risk of hemorrhage as in 
operations in the perineal region, whenever the avoidance of hemorrhage is 
az primary importance as in neuro-surgery, and in operations upon the 
alimentary tract. 

Some authors have recommended that the dangers associated with chloro- 
form in the induction stage be overcome by inducing with ether, and then 
introducing chloroform into the anesthetic mixture as the danger of excitation 
passes off. 


9. Notes on Some Other Anesthetic Agents. 


Nitrous Ox1pe. 


Nitrous oxide or “laughing gas” is an anesthetic agent which has 
relatively little specific depressant action on the cells of the nervous system. 
However, the gas is carried in solution in the plasma in which it is 30 times 
more soluble than oxygen 224 times more soluble than nitrogen. Some 
degree of anoxzmia therefore results when nitrous oxide is administered, and 
this serves to enhance the otherwise feeble anzsthetic action of this agent. 

It is only permissible to administer nitrous oxide alone during the induction 
period. Once anesthesia has been achieved it must be maintained with an 
oxygen/nitrous oxide mixture to allay the effects of the anoxemia. 

Nitrous oxide has received very little attention from the veterinary surgeon. 
McCunn (1947) has said: “ It is strange that nitrous oxide has not been used 
more generally in veterinary practice .... Induction and recovery are rapid 
and after-effects are nil. It is especially useful in minor operations such as 
castration in the cat. It is administered via a closed inhaler . . . . and if the 
mask is removed [anesthesia] lasts for five to ten minutes. If it is desired to 
prolong the period of anzsthesia the gas should be mixed with air or oxygen. 
As an example of the safety of this anesthetic a striking case may be quoted in 
which one cat was subjected to its influence no less than seven times during a 
period of a few weeks without ill effect.” 
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The indications for nitrous oxide anesthesia are (1) for minor operations in 
the non-obstreperous animal, and (2) as a maintenance anasthetic, always in 
conjunction with oxygen. 


Nitrous oxide is contra-indicated (1) if the animal is very young, (2) if 
the animal is very large or obstreperous, for induction may be impossible, and 
(3) if the animal is suffering from any condition which would be aggravated by 
the anoxzmia, e.g., cardiac or respiratory pathology, anemia, etc. 


The use of nitrous oxide in combination with nitrogen for the narcosis of 
cows and calves prior to slaughter has been described by Christensen et al. (1939). 


** 'TRILENE.” 


“ Trilene ” is the proprietary name given to a brand of specially purified 
trichlorethylene prepared for use as an anesthetic agent. It is stabilised by the 
addition of a trace of thymol, and coloured blue. It has the formula CHCl: 
CCle. 


The use of trichlorethylene (“'T.C.E.”’) as an anesthetic for the human was 
first reported by Stricker et al. (1935), but it was not accepted into general use 
until extensive clinical trials had been conducted by Hewer (1941, 42, 43) under 
the auspices of the General Medical Council. 


Being closely related to chloroform in its chemical composition T.C.E. has 
very similar pharmacological actions, although all are considerably less marked. 
As with chloroform there is a tendency for ventricular fibrillation to occur when 
high concentrations are used. The danger is far less than with chloroform, but 
it is sufficient to prohibit the use of adrenaline with T.C.E. 


T.C.E. is mostly broken down in the body, but some is exhaled in the 
breath. Cases of liver damage, jaundice, and even death have been reported in 


the human following the prolonged administration of high concentrations of 
T.C.E. 


The only qualitative difference in pharmacology from that of chloroform 
is that T.C.E. does not depress the respiratory centre. It may, however, stimulate 
the centre selectively and bring about a period of useless, rapid, shallow 
respirations. 

T.C.E. vapour is non-irritant and highly fat-soluble. Consequently a 
low concentration will maintain anesthesia. It has a high boiling point (87° C.) 
and its volatility at room temperatures is correspondingly low. 


The use of T.C.E. for small animal anzsthesia has been described by 
Heney (1947). This author bubbled oxygen through the T.C.E. in a Boyle’s 
bottle and applied the mixture to the animal by means of a closed mask. He 
advocates pre-medication with “ Seconal,” 1.5 to 3.0 gr., after which induction 
was achieved in cats in from 4 to 4 minutes, and in dogs in from 13 to 5 minutes. 
Recovery took place in cats in from 1} to 9 minutes and in dogs in from 5 to 
30 minutes. 


Heney made the following observations on the use of T.C.E. in small 
animals :— j 


(1) It is compatible with ether but not with chloroform. | 
(2) It is accompanied by little salivation and little hemorrhage. 
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(3) Good muscular relaxation is obtained. 
(4) Recovery is rapid and uneventful. 
(5) The temperature of the animal is not depressed. 


(6) No abnormalities were detected in samples of urine examined from 
dogs after anesthesia with T.C.E. 


He reports a mortality of only 1 in 1,600 cases attributable to the 
anzsthetic, and also reports on its use for the pig. 


Heney’s findings have been confirmed to a great extent by Joshua (1950) 
who reports on the use of T.C.E. in a series of 113 anzsthesias in cats and 6 in 
dogs. She states : “In all cases induction was smooth, analgesia excellent, muscle 
relaxation . . . very good, and respiratory rhythm in all subjects was maintained 
satisfactorily without anxiety.” 


Joshua bubbled. oxygen very rapidly through the T.C.E. in a Wright’s 
bottle immersed in a warm water bath. Using T.C.E. as the sole anzsthetic 
agent for the cat good analgesia is reported in the plane of medium to deep 
narcosis, and good relaxation in the plane of surgical anesthesia, even though 
clonic spasms of the limbs, or of the head and neck, may be seen in this plane. 
She has not used T.C.E. as the sole anzsthetic for the dog. 


T.C.E. is a safe anesthetic agent which does not produce nausea and which 
is non-irritant. However, it has a chloroform-like action on the heart and very 
low volatility, and it seems likely that its place in the anzsthesia of the dog will 
be limited to maintenance anesthesia either alone, if a light plane is required, 
or in combination with ether if a deeper plane is required. 


T.C.E. can only be administered satisfactorily to the dog by means of a 
closed mask or by endotracheal insufflation or auto-inhalation. It must never 
be used in a closed circuit when a soda-lime CO¢ absorber is employed. 


CYCLOPROPANE. 


Cyclopropane is an anzsthetic agent which has enjoyed great popularity 
during recent years in the human field, but there is now a tendency amongst 
anesthetists to consider that its use is on the decline. 


Its advantages lie in its great potency and the fact that it is non-irritant, so 
that very smooth induction is possible and the patient makes a rapid and un- 
eventful recovery. But on the other hand it has three very great disadvantages, 
viz. :— 

(1) It produces a high percentage of heart irregularities. 

(2) It is highly inflammable. 

(3) It is extremely costly. 


The last two factors limit it for all practical purposes to use with a closed 
circuit apparatus. It is on account of these disadvantages and no doubt also the 
initial experience and financial outlay required for a closed circuit apparatus, 
that this agent has not been adopted in canine practice. 


The technique and use of cyclopropane anzsthesia for the dog and cat has 
been described by Wright (1947) and for the ruminants by Gregory (1947). The 
use of Cyprome Ether has been reported by Black et al. (1940). 
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ETHYL CHLORIDE. 


Ethyl chloride is an anzsthetic vapour which has actions similar to ether, 
but it is more potent. It is widely used in human anazsthesia for induction, 
usually in combination with ether, and for maintenance for very short periods. 
The chief disadvantages attending the use of ethyl chloride are that its margin 
of safety is small, and that it frequently causes nausea and vomiting in the post- 
azsthetic period. 

Longley (1950) reports on the successful use of this agent in a series of 50 
anzsthesias in various animals, and stresses its value as an agent for the induction 
stage. He advocates that very small animals should be induced inside an inverted 
glass jar. Dogs are induced with ethyl chloride on cotton wool in the normal 
mask. He states that a concentration of from 10 to 12 per cent of ethyl chloride 
vapour produces satisfactory induction in from 1 to 2 minutes, and that this 
concentration is non-irritant and is not resented by animals. 


VINESTHENE. 


Vinesthene, or di-vinyl-ether, is four times as potent as ether, is rapidly 
absorbed through the lungs, and is rapidly eliminated. It has a characteristic 
odour but is non-irritant. It may cause some salivation, but there is an almost 
complete lack of after-effects. It produces excellent muscular relaxation in the 
majority of cases, but this cannot be relied upon. No toxic changes have been 
noted in the kidneys, but central necrosis of the liver has been reported in the 
human following prolonged administration. It does not produce ventricular 
fibrillation. It is explosive in air in concentrations over 2 per cent. 

Vinesthene is rather expensive and it does not keep in an open bottle for 
more than a few days. For these reasons it is supplied in ampoules. 

This is an anesthetic which would bear trial in small-animal practice. It 
is likely that it would be found of great use for open administration to very young 
animals. 


AVERTIN. 


Avertin, or bromethol, is an agent which at one time enjoyed great 
popularity as a general anzsthetic for rectal administration in the cat. It has 
been superseded by the barbiturates and is hardly ever used to-day. It has the 
disadvantages that it must be prepared immediately before it is used and tested 
for acidity before administration. 

It has attained great prominence in human anzsthesia as a basal narcotic, 
and it may yet prove to be useful for this purpose in our small animals. 


E.ectro Narcosis. 


The results obtained in recent years by workers in the fields of general 
electro-neurology and electro-convulsant therapy would seem to indicate that the 
production of prolonged general anzsthesia for surgical operations by the passage 
of an electric current through the brain may become a practical possibility in 
the future. 

The subject has recently been excellently reviewed by Longley (1949), who 
draws the following conclusions from the evidence at present available :— 

(1) Electricity can be a potent anesthetic agent. 
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(2) For the production of anzsthesia, the current must traverse the brain, 
and it must be of sufficient strength. 


(3) Motor paralysis occurs with a weaker current than is required for 
complete sensory anzsthesia. 


10. The Relaxant Drugs. 


In this section are included those agents which are administered to an 
anzsthetised animal in order to achieve a greater degree of muscular relaxation 
without increasing the depth of the anesthesia. The relaxant drugs which will 
be considered briefly are curare and myanesin. 


CuRARE. 


Curare has been widely used in human surgery as a relaxant agent during 
the last ten years, and various reports have appeared on its experimental use in 
the dog, but apart from its mention by Phillips (1947), there have been few 
reports of the clinical use of curare in veterinary surgery. 


There are two preparations of purified curare on the market. “ Intocostrin ” 
(Squibb) consists of a solution of 20 mgm. per c.c. of “ curare extract,” of which 
the initial dose for intravenous injection in the human is 2 to 3 c.c. “ Curarine 
chloride” is supplied as a powder and is more potent than the former prepara- 
tion—25 to 30 mgm. is the normal total human dose. 


Either of these preparations may be given by the intravenous route when 
the full effect comes on in from 3 to 4 minutes and lasts for from 20 to 35 
minutes, or by the intramuscular route when the effect is seen in from 15 to 20 
minutes and lasts for a longer time. 


It would seem that the main action of pure curare is to neutralise the 
acetylcholine mechanism of transmission of nerve impulses at the myoneural 
junction. Thus the voluntary muscles are paralysed, the diaphragm being 
affected last. 


Any dose of curare will have some effect on respiration, however, even if 
it only reduces the tidal volume. Larger doses will produce severe respiratory 
depression, and in some cases respiratory collapse. 


It is thought that curare also causes the production of histamine, and that 
this is why some curarised patients develop bronchospasm. 


In the human, curare may act either as a central nervous system depressant 
or as a stimulant. Marked salivation is invariably caused, and premedication 
with atropine is always advisable. The pharmacological antidote to curare is 
prostigmine. 

Many of the human reactions to curare have been confirmed in experi- 
mental observations on the dog. Cole (1946) has reported on the anoxic and 
non-anoxic lethal dose, and on the various effects produced by curare in the dog. 
He confirms West’s observations (1935) of bronchospasm in the curarised animal. 
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It was originally thought that some anzsthetic agents, notably ether and 
the barbiturates, were potentiated by curare (Gross and Cullen, 1943), but this 
does not now appear to be the case. It is possible that the apparent potentiation 
is the result of anoxia brought about by depression of respiration and 
bronchospasm. 


Gross and Cullen (1945) also reported that curare caused relaxation of the 
smooth muscle of the small intestine in the dog, but Prescott (1947) doubts 
whether this also is the result of the curare itself. In the human, the intestines 
and ureters are still active after curarisation. 


Thus although curare permits of excellent muscular relaxation in a light 
plane of anzsthesia, it has four great disadvantages :— 


(1) Further respiratory depression superimposed on that produced by an 
anesthetic agent itself may well prove serious, or even fatal. 


(2) As a result of the respiratory depression and the motor paralysis 
brought about by the curare, the usual signs of anzsthetic depth are no longer 
available. 


‘ 


(3) There is a danger of producing a “nightmare state” in which an 
anesthetised animal partly recovers consciousness, but is unable to react to 
painful stimuli on account of curarisation. 


(4) Salivation and bronchial secretion is very pronounced in the dog, but 
this can, of course, be controlled by proper premedication. 


It seems likely that curare, after further trial under clinical conditions, may 
prove to have a certain usefulness as an adjunct to anzsthesia in the dog. Its 
promise is not so great, however, as that of some of the newer, synthetic agents 
which do not have the same depressant action on the respiratory system, such 
as myanesin. 


MYANESIN. 


Myanesin is a synthetic substance which produces muscular relaxation by 
diminishing the reflex excitability of the spinal cord. It does not act at the 
myoneural junction as does curare. 


The following advantages are claimed for this agent :— 
(1) Anzsthetic agents are potentiated by myanesin. 

(2) It does not produce respiratory arrest. 

(3) It does not produce bronchospasm or salivation. 


(4) Its use is not accompanied by undue hemorrhage at operation and 
there is no loss of bowel tone. 


The early reports on myanesin are those of Berger and Bradley (1947), 
who made experimental observations on the rabbit and the cat, and Mallinson 
(1947), who reports on its use in man. Since then, cases of haemoglobinuria 


(Pugh and Hale-Enderby, 1947), renal anoxia (Hewer and Woolmer, 1947), and 


404 THE BRITISH VETERINARY JOURNAL 


gangrene (Ogilvie, et al., 1948) have been reported following its use. It has 
been shown, however, that many of these sequela can be prevented by increas- 
ing the dilution of the myanesin solution to 5 per cent, or even 2 per cent. 
(It is supplied and normally used as a 10 per cent solution.) 


In a small series of clinical and experimental anzsthesias in the dog in 
which this agent has been used the author has found it extremely satisfactory 
for the elimination of undesirable spinal reflexes, such as the continual reflex 
constriction of the anal sphincter, which occurs frequently whilst operating in 
the perineum. In this series, the myanesin solution (10 per cent) was injected 
in intermittent doses of from 2 to 5 c.c. at intervals of from 10 to 20 minutes 
during the operations. 


Sheppard (1950) reports excellent results in a large series of clinical anzs- 
thesias in the dog by mixing myanesin solution with thiopentobarbitone in 
the syringe. She reports that this anesthetic agent is potentiated such that little 
more than one-half of the normal dose is usually required, and that excellent 
muscle relaxation is obtained. 


Neither Sheppard nor the author have experienced any untoward sequelz 
using this agent. 


It is believed that myanesin is an agent which has great promise 
as an adjunct to anzsthesia in the dog, and the full report on Sheppard’s work 
is awaited with interest. 


11. The Stimulant and Antidote Drugs. 


The drugs to be considered in this section are those which are used clinically 
as stimulants to the cardiovascular system (pressor drugs), the respiratory system, 
and the central nervous system. Most of these drugs, of course, stimulate more 
than one of these systems, but are used for a particular purpose by virtue of 
their greater action on one system than on the others. 

Accordingly, the stimulant drugs which are considered to be of clinical use 
may be grouped as follows :— 

(1) Cardiovascular stimulants (which also stimulate the respiratory system) : 
Adrenaline, ephedrine, mephedrine. 

(2) Respiratory stimulants: Nikethamide (which also stimulates the cardio- 
vascular system) and lobeline. 


(3) Central nervous system (C.N.S.) stimulants (which also stimulate the 
cardiovascular system): Picrotoxin, amphetamine. 


CARDIOVASCULAR STIMULANTS. 


The pressor drugs are administered to combat shock or collapse where there 
is low blood pressure and vascular failure resulting from hemorrhage, surgical 
trauma, anzsthetic overdosage, or any other cause. 


ViiM 
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Adrenaline. 


Adrenaline increases the cardiac output by direct action on the accelerator 
neurones of the myocardium, and an increase in both the rate and the force of 
the heart beats is achieved. The increased venous return required to supply the 
heart under these new conditions is partly met in the first instance by the vaso- 
constriction which occurs in many parts of the body. 


It is seldom permissible to administer adrenaline in a dose greater than the 
normal, since in excess the time of diastole may become so short as not to permit 
of sufficient filling of the heart. The contra-indication of adrenaline with 
chloroform, T.C.E., and cyclopropane has been explained in an earlier section. 


In human surgery, the use of a continuous intravenous drip of 1/250,000 
adrenaline has been found valuable for the maintenance of blood pressure in 
certain operative procedures, especially when these are performed under spinal 
anesthesia. 


Adrenaline also produces marked dilatation of the bronchi. 
Ephedrine. 


Ephedrine is essentially similar to adrenaline in action, but it may be admin- 
istered by mouth and its action lasts for anything up to 45 minutes. It is, 
however, a poor pressor agent in the complete absence of adrenaline. 


Ephedrine will not dilate a normal bronchus, but will dilate a constricted 
bronchus to normal. 


Mephedrine. 


Mephedrine has a similar action to the last two drugs, but this lasts for 
two or three hours. It is administered intravenously or intramuscularly. 


RESPIRATORY STIMULANTS. 


Respiratory stimulants are administered to combat excessive depression of 
respiration brought about by an anzsthetic agent, especially of the barbiturate 


group. 
Nikethamide (Coramine). 

Nikethamide produces a marked increase in the respiratory exchange. It 
seems to have no direct action on the heart, and the vasomotor centre is stimu- 


lated only by excessive doses. Cardiac function is assisted, however, as a result 
of the improved respirations. 


Its action is more rapid than that of picrotoxin, but does not last so long. 
Lobeline. 


Lobeline is an alkaloid derived from lobelia which produces marked stimu- 
lation of respiration. It has been used in the human to combat respiratory failure 
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during anesthesia, and an account of its use in these circumstances has been 
given by Toman (1943). It is also frequently used in midwifery for the 
stimulation of respiration in the newborn child by ‘direct injection into the 
umbilical vein, but Eastman and Krieselman (1941) have shown that it is only 
of use for this pupose before the child has become anoxic. In all cases treatment 
should be supplemented by oxygen therapy. 


The use of lobeline in veterinary practice does not appear to have been 
reported, but it may well prove to be of use in such cases as those of newborn 
animals with “ heart beats without respiration ” which provoked correspondence 
in the veterinary press in recent years. 


CENTRAL Nervous System STIMULANTS. 


Stimulants of the C.N.S. are administered to combat excess generalised 
depression brought about by an overdose of an anesthetic or narcotic agent. 


Picrotoxin. 


Picrotoxin is an extract from levant nuts which stimulates the cerebrum, 
medulla, and to some extent also the spinal cord. It also brings about some 
elevation of both the respiratory rate and the blood pressure. 


The special suitability of picrotoxin as an antidote to barbiturate intoxica- 
tion in the dog was described by Maloney, e¢ al. (1931), and in the rabbit by 
Maloney (1933). In recent years picrotoxin has come into general use in 
veterinary practice as an antidote to overdosage with pentobarbitone, and reports 
on its use include those of Lauder (1943) and Chaplin (1944). 


It is recommended that picrotoxin be administered by the intermittent 
intravenous injection of small doses of a 0.3 per cent solution. It use in larger 
doses is frequently attended by convulsions resulting from overstimulation of 
the spinal cord without restoring control to the higher centres. Further, it has 
been reported in the human that following such convulsions the depression may 
be deeper than before (Kohn, et al., 1938). 


Amphetamine. 


Amphetamine is a member of the same group of drugs as those which were 
described under the heading of “ Cardiovascular Stimulants,” but its action on 
the C.N.S. is far greater, and on the cardiovascular system far less, than the 
others. 


12. Intubation and Endotracheal Anesthesia. 


By intubation, with reference to anesthesia, we mean the introduction into 
the trachea of a tube which connects with the outside. The purposes of such 
a tube are :— 


(1) To act as an airway, to ensure that there is at all times a patent con- 
nection between the trachea and the air. 


XUM 
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(2) To serve as a route for the introduction of inhalation anzsthetic 
mixtures directly into the trachea. 


Various types of endotracheal tubes have been used for intubation in the 
dog, and a very satisfactory tube can be made from a length of ordinary rubber 
tubing. Perhaps the most satisfactory is the Magill tube of mineralised rubber 
(Fig. 4),* which is made in 12 sizes, from No. 00 (11/64 in. by 8 in.) to No. 10 
(4 in. by 14% in.). Similar tubes have been manufactured from a variety of 
other semi-rigid (plastic) materials. Another type of tube which has proved 
very satisfactory consists of a wire spiral covered with either soft rubber tubing 
‘the “ Anode” tube) or with flexible silk elastic (Hargrave, 1929). This last 
tube has the advantage that it is almost impossible for it to become kinked or 
compressed. On the other hand, it is more easily damaged and is more expensive 
than the plain rubber tubes. 


In the U.S.A. the use of straight metal (brass) tubes has been advocated, 
more recently by Hardenburg and Mann (1927), Secord (1942), Schlotthauer 
(1949), and others. Brown-Scott and Rudolph (1940) have designed a series 
of metal tubes for endotracheal anesthesia in the dog, with inhalation and 
exhalation channels. 


There is probably little to choose between the semi-rigid and the rigid 
(metal) endotracheal tubes. With rubber or plastic tubes there is less risk of 
trauma to the larynx and the vocal cords, but the metal tubes last longer and 
cannot kink. 


All tubes have a bevel on the tracheal end to facilitate their introduction 
through the larynx. This bevel must not be too great, lest it attaches itself to the 
wall of the trachea and becomes occluded. 


THE TECHNIQUE OF INTUBATION. 


Endotracheal intubation is not difficult after a little practice. In the 
human, intubation can be carried out either orally or nasally, and the latter 
route is usually adopted on account of its greater facility. In the dog, however, 
the structure of the nasal cartilages renders nasal intubation impracticable. 


_ The dog must, of course, be anzsthetised to such a depth that the laryngeal 
reflex is abolished. (Essel [1947] has described a technique for intubating the 
non-anzsthetised dog and cat, but it is felt that this is a procedure hardly to be 
recommended.) 


The dog may be intubated in the dorsal or the ventral position. Most 
authors have described the dorsal position, but Voute and Hannema (1949) 
prefer the ventral position (mainly since it is best suited to their anzsthetic 
10utine), and intubation in this positon is just as satisfactory. 


When intubating for the first few times, it is best to stand on the right- 
hand side of the dog (which is in the dorsal position) and hold the head level, 


* Fig. 4 will appear in November issue of “The British Veterinary Journal.” 


408 THE BRITISH VETERINARY JOURNAL 


so as to extend the neck upwards and forwards. This may be compared to the 
“ sniffing the morning breeze ” position of the human anasthetists. An assistant 
holds the top jaw upwards. Pull the tongue forwards to its fullest extent, and 
then grasp it in the left hand, together with the lower jaw, and hold both down 
to their fullest extent. Looking towards the pharynx it will now be possible to 
see the ventral surface of the epiglottis. Hold the endotracheal tube in the right 
hand and manipulate the bevelled end over the epiglottis, which can now be 
pressed downwards. With the epiglottis down, it is possible in most breeds 
to see into the lumen of the larynx, with its two vocal cords, and to pass the 
tube onwards through them into the trachea. The concavity of the tube is, of 
course, apposed to the dorsum of the tongue. 


With a little practice it will be found possible to intubate the majority of 
dogs “blind,” and often without an assistant, using the plain Magill tube, if 
not with a cuffed tube. (See Section 13.) One or two fingers of the left hand 
are used to hold the top jaw up, and the tube is manipulated over the tongue 
and epiglottis with the right hand, as before. 


If difficulty is experienced with intubation, as it will be with the brachi- 
cephalic breeds, it is best immediately to try one or more of the following aids :— 


(1) Hold the tube about # in. from the bevelled end in long forceps (the 
Magill forceps are constructed especially for this purpose, but narrow whelping 
forceps will be found satisfactory) and introduce the tube into the larynx in this 
manner. Gadd (1948) has described the use of Kelly forceps for this purpose. 


(2) Grasp the frenum of the epiglottis with a pair of tissue forceps, and pull 
it forwards. This will bring more clearly into view the glottis, larynx, and vocal 
cords. 


(3) A laryngoscope may be used. Although no laryngoscopes have been 
designed especially for this purpose in the dog, the many human instruments 
(Magill’s, Guedel’s, Cassels’, Macintosh’s, Shadwell’s, etc.), will be found suit- 
able. The blade of the laryngoscope is manipulated over, and depresses, the 
epiglottis. The larynx is then illuminated by the laryngoscope. 


One can very easily determine when the tube has entered the trachea, for 
it will be possible both to feel and to hear the exhaled air emitting from the 
tube. If respirations are markedly depressed, manual pressure on the thorax 
should produce a good exhalation. If this is not forthcoming, the tube is prob- 
ably in the cesophagus, and should be withdrawn and passed again. 


Once it has been established that the tube is in the trachea, it must be 
anchored in place. This can be accomplished in many ways, such as: (i) By 
placing a towel clip through the tube and through the lip; (ii) by tying a ligature 
around the tube and then around the jaw; (iii) by the use of a special gag, such 
as described by Livingstone and Hrdina (1930). 


To be concluded. 


REVIEWS 


REVIEWS 


Witp ANIMALS IN Captivity, by Dr. Hediger. London: Butterworth 
Scientific Publications. Price, 35s. net. 


Dr. Hepicer’s book will be welcomed by those who have charge of wild 
animals, by biologists, and by that ever-increasing number of scientists who 
attempt to study and gain a knowledge of “ animal behaviour.” It will also 
be a great comfort to all those—and they are legion—who are troubled in mind 
and sentiment when ever their thoughts turn to “captive animals.” It is a 
common conception that “ captivity” means some hardship or even cruelty. 
This idea no doubt arises from their knowledge of man’s reaction to captivity. 
Captivity for man means a translation from something pleasant to something 
which is unpleasant» In the case of the wild animal the reverse is generally 
the case; full liberty means danger, exposure to all the rigours of the elements, 
an ever-present anxiety as to food and maybe hunger. Captivity, on the other 
hand, means that all these difficulties are resolved at the slight cost of some 
restriction as regards space. If health and comfort and freedom from anxiety 
mean anything at all, no doubt captive beasts are well pleased with their lot. 


Now when man makes captive a wild animal it is his bounden duty to see 
that such an animal is kept and maintained under the best conditions possible. 
He must not only study its food requirements, but he must also try to understand 
the animal’s mind, and its reactions to environment. No doubt there is a great 
store of knowledge on these matters within the knowledge of zoo-keeperts, circus 
proprietors and animal attendants, but it is knowledge that has been acquired 
in an empirical way and passed on by word of mouth. Such a system means 
that one has to pick up this essential information in a haphazard sort of way, 
instead of lighting ones’ torch at the fire of previously acquired knowledge. 


The worst hardships that any captive animal may endure are probably 
those of monotony and their instinctive fear of man. The latter is overcome 
as a rule by constant contact and kindness; the former may be alleviated by 
training to some simple routine or task. Those who have observed the sea-lions 
or the chimpanzees at the London Zoo can have no doubt that the animals 
enjoy their own antics. 

Dr. Hediger has approached his subject by scientific method and as if he 
were an animal psychologist. His theme, which ranges from territorial require- 
ments in the wild state to animal and man relationships, is orientated around 
three main headings: space, food, and animal-man relationship. 


It is a book which can be read with interest and profit by the trained 
biologist, the animal attendant, or the ordinary member of the public who visits 
a zoo and would like to know more about the habits and reactions of the “ captive 
animal.” Incidentally, the final chapter, “Both Sides of the Zoological 
Garden,” may give the reader cause to exclaim that there are many humans 
who should be kept in captivity and under strict biological control. 
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ELEPHANT BILL, by Lt.-Col. Williams, O.B.E. With a foreword by Field- 
Marshal Sir William Slim, G.B.E., K.C.B., D.S.O., M.C. London: 
Rupert Hart-Davis. Pp. 320. 40 illustrations. Price, 18s. net. 

Tus is a superbly illustrated book, entertainingly written and most 
readable, but at the same time when you put it down you cannot help feeling 
disappointed that the author, whose knowledge of elephants must be immense, 
did not put his time to better purpose by writing a book on elephants, instead 
of one (to quote the publisher’s blurb) “ with thrilling stories on almost every 
page.” 

Of all animals the elephant is the most mysterious, and its care and 
management under domestication, even after the long centuries during which 
man has used it as a beast of burden, still remains little known and little 
understood. .Veterinary surgeons who read this book will not find in it any but 
the slightest information regarding the medical or surgical treatment of these 
animals. An example of the kind of paragraph he will come across here and 
there runs like this :— 

“* Besides the surgical side of looking after elephants, there is the medical 
side. This is not so much administering drugs and medicines as keeping the 
animals healthy so that they never need them. This means understanding the 
particular needs of individual animals. The elephant is not a ruminant and has 
only one stomach. He has to collect about six hundred pounds of green fodder 
to fill that every day, and the most likely thing to go wrong is his digestion. 
To keep well he needs variety, but one has to see he doesn’t pay too high a price 
for it. For example, an animal may be working in a place where there is 
nothing but bamboo fodder. To get the variety of food he needs, he may have 
to travel eight miles, and this he will do. But to do this every night after a 
hard day’s work and to come back in the morning will soon pull him down. 
And in three weeks he may lose condition that will take him at least three 
months to recover. It needs a really experienced man to spot any loss of condi- 
tion when inspecting an elephant. A good man ought to be able to answer 
the very frequent question, ‘ Do you know every animal by name?’ by replying, 
‘Yes, and by its digestion too.’ ” 

Nevertheless, Colonel Williams has so wide a knowledge of the jungle, 
of elephants and their “oozies” or Burmese riders, and of men and their 
ways that he is always amusing and never boring. It would fare well with 
mankind if our doctor friends accepted Colonel Williams’s definition of medicine 
as “ keeping people healthy so that they never need drugs.” The world has yet 
to learn that health is something more than absence of disease—and that goes 
for veterinary medicine as well as human. 
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